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ABSTRACT

This research work relied upon the importance of conceptual understanding to
meaningful learning. Conceptual understanding is strongly influenced by students‘ prior
knowledge (1). Many of these ideas pose strong barriers to deeper understanding and are
called misconceptions since they are inconsistent or in conflict with generally accepted
scientific facts (2). Thus, it is beneficial for instructors to initially elicit students‘
conceptual understanding in order to properly address student‘s misconceptions during
the learning process. However, results are very dependent on the instrument used to elicit
conceptual understanding (3). The most commonly used tools are summative assessments
or achievement tests (4). They are multiple choice questions in which the wrong answers
are based on the expert‘s ideas and understanding. Thus, in this study, we will develop
concept inventories (CI) questions that are multiple-choice questions that will be used to
sample the extent of students‘ misconceptions (5). The distracters are based on student‘s
misconceptions, rather than instructor‘s ideas about what students do not understand.
That is, the distracters are taken from students‘ actual responses in interviews, and online response to open-ended questions through Ed‘s Tools (6). Ed‘s Tools is a web-based
program that allows on-line administration of open-ended question and facilitates fast and
efficient collection, and analysis of data.
This paper describes the process that is being used to develop and validate a
concept inventories instrument for basic and fundamental concepts: atomic structure,
covalent bonding and bonding energy. The overall results from the iterative process of
ii

the development, administration, re-construction, and re-administration will be presented
in this paper. Further, this paper constitutes five phases to seek to validate the robustness
of the CI questions. This is the most critical part in the study since CI questions should be
rigorously validated multiple choice instruments that will be used to evaluate the nature
and quality of student understandings of key concepts or their conceptual understanding
(7). Therefore, this paper will discuss the general results obtained from the five phases of
the experiment in order to prove the robustness of the developed CI questions.
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CHAPTER 1
OVERVIEW OF THE PROBLEM AND RESEARCH QUESTIONS

Many research studies in science education were centered on student‘s learning. A
great deal of time and effort has been invested in research aimed at improving classroom
learning (8). Most of the research studies were aimed on creating classroom activities
focused on active participation for students in the learning process (9), and consequently,
achieve to better understanding (10). They include activities which were of inquiry-type
(11), technology-assisted (8), intervention-centered (12), cooperative task-based (13) and
instructional content-driven in which the traditional curriculum is being modified (14).
Student‘s learning gains were then evaluated after these research studies were facilitated
in order to see if the students do improve their learning while being involved with the
different creative classroom activities.
Results from evaluation of student‘s learning were greatly dependent upon the
diagnostic tools the researchers used to measure learning (3). Several of the studies took
advantage of the different forms of achievement tests and summative assessments to
measure learning after instruction (4). The main problem with these assessments is that
students can answer them correctly but problems arise when they are asked to explain
why they chose an answer (15). Student‘s learning is not only aimed for the students to
be successful in selecting the right answer but more importantly, for them to achieve real
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understanding or conceptual understanding (16). Therefore, the current study is based on
the importance of conceptual understanding as a gauge to learning (17).
The current research relied on the theoretical frameworks of conceptual
understanding. Conceptual understandings are ‗frames of thinking‘ (18). They are
necessary for understanding since they represent what learners know and understand
about a concept (19). When concepts are elaborated into generalizations, they become
conceptual understandings (18). When teachers focus on teaching for conceptual
understandings rather than memorizing facts and topics, they provide a frame for thinking
that allows learners for in-depth understanding of phenomena that will enable them to
connect to more advanced ideas (20). Ultimately, students can then apply them to
exploring new concepts (21) and solving problems (22). On the other hand, conceptual
understandings are highly contestable, subject to context, and subject to change through
time. It should never be viewed as the end goal of learning but as transitory stages in the
learning process. During instruction at each transitory point, teachers should probe and
clarify students‘ understanding before allowing learners to proceed to another route of
understanding or understanding more advanced key concepts (18).
Many of the works cited from the literature used interviews, open-ended
questionnaires and multiple-choice questionnaires to evaluate students‘ conceptual
understanding (3, 7). Interview is an in-depth way of probing students‘ thinking (23).
Further, follow-up questions can be made to clarify students‘ vague and confusing
responses during the interview sessions. However, the major disadvantage of doing
interview is that its administration and data analysis take a lot of time especially for a
2

larger number of respondents (24). On the other hand, open-ended questionnaires are
useful tools to probe students understanding that can easily be given to larger classes
(25). But it has the same drawback as interview in terms of the analysis of data (7).
However, multiple-choice assessment can be conveniently administered even to several
hundreds of students and scores can be quickly generated (26). Thus, further statistical
analysis can be quickly done (27). However, the generally used format of multiple-choice
assessments is that the wrong answers are based on teachers‘ or experts‘ thinking (7).
Hence, it is difficult to determine student‘s actual understanding of the underlying
chemical concepts since the distracters do not reflect student‘s actual misconceptions
(28).
Therefore, this research work is focused on the construction of a multiple-choice
diagnostic tool with carefully selected actual student‘s conceptions that reflect their
thought processes. The tool is comprised of research-based conceptual questions that are
aimed to elucidate conceptual understanding, which represents student‘s learning. The
distracters are obtained from students‘ actual misconceptions since misconceptions
reflect fragments of students‘ conceptual understanding (29). Misconceptions reflect
student‘s conceptual understanding since they represent students‘ current understanding
or thinking of a given concept, which are not in agreement with scientific facts (30).
Research works about conceptual understanding and misconceptions should go hand in
hand especially in science education since it has been shown that traditional instruction
fails to improve students‘ conceptual understanding and leave many misconceptions
unchanged (31).
3

The diagnostic tool will be constructed following the format of concept
inventories (CI) questions. Based on literature search, CI is a form of assessment that is
gaining particular attention in physics and biological sciences. It has a potential use in
science education specifically as a useful and accessible tool to improve faculty teaching
and to enhance student‘s understanding of scientific ideas (7). The following are the
varying goals why CI is used as an assessment tool in science education research: to
evaluate and help improve student‘s understanding about scientific ideas (32), to aid in
the revision of curriculum content (33) and to elicit students problems in conceptual
understanding such as misconceptions (34). In other words, CI consists of core
knowledge and key ideas for a given concept and a collection of multiple-choice
questions that are designed to probe student‘s conceptual understanding (35). The wrong
answers in the CI multiple-choice questions are distracters coming from students‘ actual
misconceptions. The CI instrument is mainly used to elicit students‘ misconceptions
regarding a concept.
There were already established CI questions to some concepts in physics, biology
and chemistry. However, this particular study selected atomic structure, covalent bonding
and bonding energy as the focus concepts. A vast range of works have addressed
students‘ misconceptions about the focus concepts (36, 37, 38) and there were no papers
about CI questions for atomic structure and covalent bonding, and only few papers about
CI questions for energy concepts which are related to physics (37) and there was none
specifically for bonding energy. Foremost, the three focus concepts are considered as
4

basic, fundamental and unifying to so many topics in chemistry, physics and biology
(39). They are typically introduced in the first year general chemistry courses. Further,
they are central to understanding significantly advance topics in chemistry such as the
dynamics of chemical reactions as well as to majority of molecular interactions
happening in the biological systems (39). Further, it is of great importance to study the
focus concepts since many students have underlying difficulty in understanding them due
to their abstract nature (17). Thus, the selection of the concepts is carefully evaluated
while taking all of the previously mentioned factors into great consideration.
The main research problem for this study is:
How robust is the developed CI instrument to elucidate conceptual understanding?
In order to find the answers for the overall research problem, we formulated some
subsets of questions. The following are the questions we would like to answer in detail
from this study in order to investigate possible answers to the main problem being posed.
1.) At to what extent the CI questions can elicit conceptual understanding? Is there a
difference of results obtained when it is administered to different groups of
chemistry students?
If higher level students still choose significantly the distracters which were quoted
from general chemistry students then results can support the statement that the CI
instrument is a viable tool to elicit conceptual understanding from students across
curriculum.
2.) Is there a significant difference between results in single item testing and items in
group testing, which all items are given together?
5

If there is no significant difference between results from single-item and groupitems‘ administration of CI then the possibility of cluing or hinting the students with the
best conception through item wording is less probable to happen. The results will lead to
support the validity of the construct of the items.
3.) How effective is the CI as a tool to probe conceptual understanding before and
after instruction? Are there correlations between CI scores and lab assessment
scores from test of metacognitive ability, attitude test, test of self-efficacy or
motivation test and test of logical thinking?
If after factoring out students‘ metacognitive ability, attitude, motivation and
logical thinking ability then students‘ CI results would solely reflect their conceptual
understanding. Therefore, the results would additionally support the statement that the CI
instrument is a viable tool to measure students‘ pre- and post conceptual understanding.
4.) Are two bonding energy CI questions which are worded differently (specific or
general) but are testing the same concept would make a difference in the elicited
conceptual understanding? Is the difference in the elicited conceptual
understanding from CI questions would agree significantly with the Ed‘s Tools
results?
If there is no significant difference between results from different questions for
the same concept being tested then the CI questions can significantly measure students‘
conceptual understanding regardless of the wording of the question. Further, if
significantly similar result is obtained through Ed‘s Tools then this further strengthened
the validity of the construct of the items.
6

5.) How viable are the formulated conceptual questions in sampling student‘s
conceptual understanding between different institutional settings? Is there a
difference in results attained between two different universities? Is there a
difference in results when it is given in the final exam as a summative
assessment?
If the CI results which are obtained from different population of students are
comparable then the results would provide further evidence that the CI instrument is a
robust tool to elucidate students‘ conceptual understanding.
Through all the different stages of this research work, we would like to establish
comprehensive statements to support the claim that the CI instrument is a viable tool to
elicit student‘s conceptual understanding about the focus concepts.

7

CHAPTER 2
REVIEW OF RELATED LITERATURE

Introduction
The first concept inventory (CI) was developed in physics as reported by the work
with Hestenes, Wells and Swackhamer in 1992. They believed that every student has a
well-established system of common-sense beliefs that play a dominant role in their
learning especially in introductory physics force concept. Further, they said that if these
beliefs are not being taken into consideration then instruction is almost totally ineffective.
Without properly addressing the inappropriate ideas, students would fail to deeply
comprehend the concepts because the usual scenario in class is that they have been forced
to cope with the subject by rote memorization of isolated fragments and by carrying out
meaningless tasks. Although they recognized that there are no quick fixes to problems
related to how students think and learn but knowing their prior belief system can make a
difference (40).
The CI was first developed as an instrument to help teachers probe and assess the
commonsense misconceptions about force among students in physics. It is not a test of
intelligence but a probe of belief system. Further, the assessment tool is not intended as a
final indictment of the many dedicated and competent teachers. The first impression of
most physics professor is that CI question are too trivial to be informative and turns to
surprise when they discover how poorly their students performed on it (40). The outcome
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due to inappropriate ideas embedded in their minds. Thus, CI is an instrument used to
measure the extent of students‘ alternate conceptions and misconceptions (41).
CI are multiple-choice tests, which is way better than an open-ended assessment
since they can be scored objectively. However, they differ from typical multiple-choice
tests in several important ways. The wrong answers, called "distracters," (a) are based on
extensive literature research, (b) are in students' own words, (c) diagnose a specific level
of student conceptual understanding, and (d) clearly reveal where students are getting
stuck. Since distracters are known to be incorrect answers that many students will choose,
faculty expects that most entry-level students will do poorly on a well-researched
inventory used as a pretest (42).
CI is also defined as a research-based conceptual assessment instruments that can
be used to probe student conceptual understanding and is designed to circumvent various
test taking strategies by using students‘ own language and misconceptions. It follows the
multiple choice format that explores students‘ conceptual landscape, which can be used
to inform instruction in that area. Although the CI bears a strong resemblance to
standardized tests, their intended use differs. Unlike standardized tests, which are
typically designed to rank students with respect to subject area knowledge, CI are
constructed to determine the probability that a particular student is using a particular
conceptual model when working on a problem. This goal can be achieved through CI
administration since the distracters or ―wrong‖ answers are designed to represent
common student misconceptions. Furthermore, CI questions are worded in the language
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that the students use to express these concepts, not the language that the experts would
use. This somehow avoids cluing the students in as to the ―correct‖ answer (43).
Some distracters in a developed CI relied upon extensive research that often
includes interviews with students to get at their rationale for specific responses and
analyses of written, open-ended answers to questions. CI should undergo rigorous
extensive psychometric analysis for validation. Careful examination of students' selection
of the distracters helps researchers better understand student‘s conceptions (44).
The introduction of the Force Concept Inventory (FCI) resulted to a remarkable
impact within the community of physics teachers. FCI is an instrument to measure
student comprehension of the Newtonian concept of force. FCI demonstrates that active
learning leads to far superior student conceptual learning than didactic lectures. FCI are
assessment instruments designed, researched, and validated as measures of student
understanding at the conceptual level. FCI played an enormous role in catalyzing the
development, implementation, and increased adoption of constructivist teaching
approaches. It is also the most widely used instrument and, as a result, has also been the
most influential (45). More recently, the FCI has been joined by the Force and Motion
Concept Evaluation (FMCE) (46) which covers similar ideas, and the Brief Electricity
and Magnetism Assessment (BEMA), which deals with concepts common to many
second-semester physics courses (47).
FCI has been shown to appear to measure six conceptual dimensions about force
from an instructor‘s point of view. However, factor analysis of FCI data indicates that
from a student‘s point of view the items are measuring something other than these
10

dimensions. Moreover, although FCI is measuring student‘s understanding of the concept
but the extent to which the test question is measuring student‘s familiarity with the
context is quite simply inextricable (48).
Further, it has been shown that for students at the University of Minnesota, the
FCI is not appropriate for use as a placement test. There is little difference between FCI
scores when the test is given graded versus ungraded. In addition to that giving the FCI as
a pre-test does not affect the posttest since there were no statistical significant differences
in the results (49).
FCI as an assessment tool also provides a standard measure which enable to
compare the relative success of different teaching strategies. It has been found out based
on FCI data that standard lecture-based instruction was not sufficient to bring most
students to a level of concept mastery. The results suggest that it is independent of the
lecturer (50). In fact, a comparison of 6,000 students‘ scores on the FCI from different
types of postsecondary education programs and from high levels of active learning to
traditional teaching approaches shows that whether teachers are inspired, engaging, less
gifted, less motivated or highly motivated, attained the same level of student conceptual
understanding (51). It was possible to conduct this broad-reaching meta-study only
because the FCI is a widely accepted and used measure of student conceptual
understanding in introductory physics. Though counterintuitive, such results have
appeared in many literatures for years, with the overall conclusion that classroom lectures
only reinforce memorization (52).
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More CI were developed nowadays especially in other fields of science such as
biology. Biology concept inventory (BCI) questions were developed most actively in two
areas: basic bioliteracy and developmental biology. The basic BCI is intended as a
measure of what the secondary education system should be expected to produce and what
literate citizens will need to know to make informed biology-based decisions. The
second, the developmental BCI, is intended as a tool to measure learning efficacy in
traditional and revised versions of the major‘s developmental biology instruction. The
main intent is to develop BCIs focused more tightly to assess concept fluency at the
college level and will be used to provide with the pre/post learning assessments that are
an essential element for determining the degree to which a course innovation is working,
as well as a means for comparing pre- and post-learning gains (50).
Generally, most CI tools are research-based instruments that measure students'
conceptual understanding of topics for which students share common alternative
conceptions, misconceptions, and faulty reasoning. CI does not test intelligence but it
only probes the present belief system of the students (53).
Development of Concept Inventory
In the development of the first FCI, six conceptual dimensions about the force
concept were identified and classified to be used as forced correct choice in the multiple
choice question. The literatures were then reviewed about common sense beliefs or
alternate conceptions that resulted to the six major commonsense categories about the
force concept. The alternate conceptions were then used as incorrect options. The
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developed FCI questions were then validated by interviewing graduate students to ensure
if students did understand the concept being asked in the FCI (40, 45).
In the development of CI in other fields especially for natural selection, responses
to open-ended questions from non-major students were gathered to provide a rich source
of student‘s beliefs. Their beliefs system is comprised of identified alternative
conceptions that were then used as distractors in the CI. Further, additional alternate
conceptions are examined through review of related literature (54, 41). A modified
version of the CI was developed for natural selection, which is a diagnostic test, based on
the two-tiered test, which separates factual knowledge from reasons for choosing a
particular fact, mechanisms and beliefs. It is vital in the CI construct in order to measure
the extent to which biology majors exhibited similar problems in understanding through
interviews. However, the two-tiered questions work reasonably well for simple concepts
(54).
In constructing the questions and responses, as much as possible the words and
phrases that the students used were quoted. The questions and responses were validated
by administering the instrument and then holding in-depth interviews to ascertain the
percentage of misses and false positives. Therefore, validated distracters play a vital role
as CI is used as an assessment to measure change in students' concepts of carefully
defined phenomena. The interview as the qualitative part which is dependent on one-toone interactions and on interpretations of student responses is limited only to smaller
number of students. In contrast, multiple-choice tests can be given to very large numbers
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of students, which increases their reliability, and well-conceived questions can show how
many student responses match those of experts (55, 56).
The clarity and length of the inventory questions can also be evaluated through
graduate student‘s interview after pilot testing of the developed CI questions. On the
other hand, the level and content, whether CI questions are appropriate for the intended
respondents, can be assessed through responses by experienced chemical education
researchers (41).
The development of a CI can involve others in the biological community
particularly in the formulation of the key concept statements. This somehow validates the
construct of the CI questions. This was followed in the recent development of a biology
concept inventory (BCI) since study showed that past efforts at assessing conceptual
understanding in the biological sciences have not improved teaching and learning.
Considering the impact of FCI for improved teaching and learning in the fields of physics
and astronomy, the authors felt the urgency to develop similar instruments for biology.
They intend to capitalize on the lessons learned by the FCI authors as they develop their
own procedures. The development of the first BCI started with the identification of
concepts through examination of national standards, teaching experiences, and interviews
with students. The information will also be used to generate distracters in the inventory.
They focused special attention to the language students use to express their
understanding. The CI questions and distracters were evaluated after several testing, and
student ―think alouds‖ were also explored for the validation process. The BCI questions
and distracters were revised, and pilot-testing of the instrument were done through a
14

number of cycles to ascertain both its validity and its reliability for a wide range of
student populations. This was done in order to develop a series of instruments that
transcend the needs of the research-intensive university, as well as instruments that
address the needs of the broad range of secondary and postsecondary institutions (50).
However, in the development of the geoscience concept inventory (GCI),
different forms of validity testing were done. The workers give utmost importance on the
construct validity, content or face validity, criterion validity, external validity and internal
validity of the CI questions. The development involved an iterative process of qualitative
data collection through questionnaires and interviews, questions development, review by
experts, pilot testing, statistical analysis, revision, testing and further collection of
student‘s response through think-aloud interviews to ascertain the reasons behind
student‘s responses. This paper focuses on the statistical analysis of GCI data particularly
with the application of Rasch and DIF approaches (57).
Other method employed for collecting alternate conceptions was through
administration of the open-ended questions through Ed‘s Tools, as student‘s online
assignment. This was done in parallel with student‘s interviews to improve validity in the
data collection of student‘s misconceptions (55). Ed‘s Tools is a web-page program
which is being used in a range of areas to capture student thinking and language. It is a
research instrument used to facilitate concept inventory development and to assess
student understanding. Further, Ed‘s Tools was used to collect and tag the relevant
student wordings—it is this wording that was used to construct the responses. The exact
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words and phrases that students use in responding to that question, were tagged,
aggregated, and sorted into concept categories (55, 56).
Research-based Utilization of Concept Inventory
The FCI has been found to have limited value as a placement exam for high
school students after administering it with high school and college students as pre-testing
and post testing in parallel to a diagnostic test. The possible reason for this is that FCI is
not a test of ability but rather an assessment tool which could help measure students‘
understanding of the selected concepts. Additional finding is that the CI scores seem to
be quite comparable measures of college student‘s conceptual understanding since it has
the advantage of providing a more systematic and complete profile of the various
misconceptions. Further, after validation of results through interviews, it was concluded
that the CI is a very accurate and reliable instrument for evaluating instruction. However,
large inventory gains are possible after pre-testing thus it was suggested that for effective
instruction only the post test score counts. This may seem valid since for the several pretesting they did, the pre-test scores are so uniformly low for beginning physics students
that further pre-tests are really unnecessary (40).
Factor analysis is a useful tool to validate the CI items. It is used to determine
how the items on a test are related, and the correlations between all items are analyzed in
order to select groups of items that all appear to measure the same idea. When factor
analysis was incorporated in the analysis of the FCI data, (using the CI reported by
Hestenes, D.; Wells, M.; Swackhammer, G. (1992)) results showed that the items
grouped onto a wide variety of ambiguous factor. Students view these items quite
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different from instructors. Students tend to have loosely organized understanding about
some concepts. In fact, student‘s alternative beliefs are not coherent, well-defined views
of the world that can be classified in a logical manner, but are best characterized as
loosely organized, ill-defined bits and pieces of knowledge that are dependent upon the
specific circumstance in question. For the authors, the overall implication of the results is
that the items on CI appear to be only loosely related to each other, and teachers should
be cautious about concluding that the CI actually measures student‘s understanding in
particular the force concept. It seems more likely that the inventory actually measures bits
and pieces of student‘s knowledge that do not necessarily form a coherent force concept
(48).
Further evidence were observed for the Hestenes et al. (1992) prediction that
physics concept learning enhances later physics achievement based on comparison of FCI
and Mechanics Baseline Test scores. The nature of the relationship was interactive, with
a bi-directionality of relationship between the first and second administrations, as well as
an effect from concepts to achievement for the second to third testing. However, the
simplex model for concept development and achievement was supported, it did not hold
for attitudes. Further, proximate (closest in time) assessment of conceptual understanding
through FCI predicted the later physics achievement. Thus, the use of the FCI as a gauge
of conceptual understanding and improvement seems supported here (58).
The improvement on student‘s learning made by a new teaching approach can
also be measured using CI questions. FCI was used as the research-based instrument
which enables quick and detailed formative assessment of students‘ learning after a new
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teaching approach was administered. The teaching approach is called Interactive
Conceptual Instruction (ICI) which was developed to promote conceptual understanding
of the force concept and was based on the premise that developing an understanding of
mechanics requires an interactive process in which there is opportunity for ideas to be
talked through, and thought through, between teacher and students. Both the values of
average normalized gain through FCI and effect size reported here suggest that the ICI
approach was very successful in promoting learning. Further, the comparisons with FCI
data gathered in research studies internationally allow the authors to claim relative
success for the ICI teaching approach. Moreover, FCI was able to detect the difference
between the learning gains achieved through ICI and those achieved through earlier more
traditional approaches to teaching (59).
A review paper on the development of the FCI, structure outlines and review
ﬁndings from its implementation and emphasized that within the FCI the principal
conceptual dimensions of the target subject matter are clearly set out and the key subfeatures of those dimensions are identiﬁed. Furthermore, the explicit links are made
between individual test items and the related conceptual dimensions. This further support
that there is clarity when relating to the conceptual focus of the teaching, the learning
goals and the assessment of the students‘ learning. Moreover, the FCI embodies typical
forms of student thinking since FCI scores offer a proﬁle of student‘s competence across
the subject domain, identifying both strengths and weaknesses. The critical part is that the
FCI allows the teacher to analyze student‘s thinking in terms of particular patterns of
misconceptions and hence allows them to being able to interpret them more sensitively.
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This would help teacher in a better position to plan, and to implement, the next stages of
teaching (60).
FCI results based on responses from the multiple-choice can be compared with
similar responses to equivalent open-ended questions as a way of validating the CI
questions. The results indicate a good agreement between the percentages of correct
responses in each of the two formats, indicating that distracters on the FCI do not
adversely affect performance as measured by the number of correct answers. However, a
signiﬁcant percentage of the open-ended responses fall into categories that are not
included in the FCI multiple choices. When these alternative categories were presented to
the students as distracters in a revised multiple-choice format, a signiﬁcant percentage of
the students chose these alternative responses (61).
In one research study, post FCI scores were normalized using the equation for
normalized gain, as define as the change in score divided by the maximum possible
increase. This was done because students tend to score higher on the second test after
instruction. Overall, results in this study showed that there is a strong positive correlation
between student‘s normalized FCI gains and FCI pre-instruction scores. The scientific
reasoning ability is the hidden variable that influences FCI gains. For very high reasoning
ability population, it is expected to see no correlation between the pre-FCI scores and
normalized post FCI scores. Therefore, if one aimed to use FCI results to see the
difference between reasoning ability of the respondent subjects then normalization of FCI
post scores through normalized gain must be considered (62).
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A modification of the FCI was done to replace static pictures and descriptions of
motion with computer animations on the FCI, which is commonly a pencil and paper test.
The goal is to investigate the effect of computer animation on assessment and the
conditions under which animation may improve or hinder assessment of conceptual
understanding in physics. Results showed that good verbal skills tended to increase
performance on the static version but not on the animated version of the test. In general,
students had a better understanding of the intent of the question when viewing an
animation and gave an answer that was more indicative of their actual understanding, as
reflected in separate interviews. In some situations this led students to the correct answer
and in others it did not. Overall, the results suggest that animation can improve
assessment under some conditions by increasing the validity of the instrument (63).
When results from the FCI and a context-modified test were compared, it has
been shown that context changes had an effect is quite small. Therefore, the effect of
contextual changes on the total of the 10 questions is not sufficient to affect normal use of
the FCI as a diagnostic instrument (64).
FCI can be used to evaluate student‘s conceptual coherence especially contextual
coherence of the force concept. Student‘s conceptual coherence can be divided into three
aspects: representational coherence (the ability to use multiple representations and move
between them), contextual coherence (the ability to apply a concept across a variety of
contexts), and conceptual framework coherence (the ability to fit related concepts
together, i.e. to integrate and differentiate between them) (65).
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Therefore, through comparison of FCI pre-test and post test scores of students
who are under the meaning-making approach of instruction, showed that students
improved based on the major learning goals of the programs especially their ability to
explain and predict phenomena using physics ideas (66).
This work presents the results of a study whose aim is to detect systematic errors
about the concept of force among freshmen students. The researchers analyzed the results
of the FCI test, which was administered to two different groups of students. The results
show that, although there were significant performance variations between the two
groups, they, nonetheless, shared common incorrect answers that were consistently
triggered by the same misconceptions. The analysis proposed in this paper could also be
applied in other universities to reveal the students‘ a priori mindset in Newtonian
mechanics and serve as a guideline for developing effective computer simulations or
other tools (67).
This article used FCI to determine the effect of visual representations and
diagrams that were used for explaining and predicting phenomena based on Newton‘s
laws during instruction. The ﬁndings show that 9th grade students who studied by the
approach advanced signiﬁcantly from pretests to post-tests on items of the FCI and on
other items examining speciﬁc basic and complex understanding performances. In
addition, interviews conducted before, during, and after instruction indicated that the
students had an improved ability to explain and predict phenomena using physics ideas
and that they showed retention after 6 months (68).
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The FCI in this study was used to investigate the effects of problem-based
learning on students‘ beliefs about physics and physics learning and conceptual
understanding of Newtonian mechanics, and examines the relationship between students‘
beliefs about physics and their conceptual understanding of mechanics concepts.
Repeated measures analysis of variance of how PBL inﬂuence beliefs and conceptual
understanding were performed. The PBL group showed signiﬁcantly higher conceptual
learning gains in FCI than the traditional group. PBL approach showed no inﬂuence on
students‘ beliefs about physics; both groups displayed similar beliefs. A signiﬁcant
positive correlation was found between beliefs and conceptual understanding. Students
with more expert-like beliefs at the beginning of the semester were more likely to obtain
higher conceptual understanding scores at the end of the semester (69).
Moreover, CI is also useful for measuring the effectiveness of revised
instructional method with a large number of subjects. The CI for natural selection (CINS)
was designed to be used as a tool by teachers and professors interested in instructional
methods that support constructivist and socio constructivist learning. The results further
support the prediction that a multiple choice test could be prepared using realistic topics
as well as using common alternative conceptions as distractors. These results also
indicate that the scores the test correlate positively with scores on one-on-one interviews.
For this reason, the CINS should be a useful instrument for investigating dent
conceptions with hundreds of students. This provides researchers with a means of going
beyond studies with a small number of interviews that are difficult to generalize (54).
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Three important goals can also be assessed in the development of CI questions.
Will it be useful for teachers as they make judgment on the extent of students‘ confusion
about some basic concepts, as they look for evidence that many students come to general
chemistry with alternate conceptions described in the literature, and as they seek more
proofs to show that traditional teaching results in only modest improvements in
understanding of basic concepts. The CI questions used in this particular study were able
to detect student‘s alternative conceptions which will be helpful to teachers as they
addressed them during class discussion. However, some faculty discussed major concern
that the inappropriate ideas are suggested by the results to the format of the questions
especially the pictorial representation in the disctractors. However, interviews with
selected students were done to check if students did have problems in understanding the
representations in the distractors and results showed that students appear to understand
the representations. Further, responses from undergraduate, many graduate students and
younger faculty were in agreement of their results (41).
The developed CI questions based on the research done by Mulford and
Robinson (2002) were used to determine the presence of alternate conceptions among
chemistry teachers. While the instrument was developed by university faculty to examine
college-level conceptions, the inventory items align with secondary state and national
standards and their underlying understandings, of which teachers are expected to
demonstrate mastery and are held accountable for teaching to students in their
classrooms. It is believed that alternate conceptions of teachers may in fact be directly
transmitted to students during content instruction. Thus, teacher‘s increased awareness of
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these alternate conceptions would help them during instruction especially as they provide
situations that can better challenge the validity of student‘s conceptions (70).
Further, the results show that the CCI instrument was able to detect the
differences between the teachers and student‘s conceptual understanding of the topics
being asked. Quantitatively, the results showed that chemistry teachers, on the average,
have higher CCI scores than entering college student‘s pre-test. Moreover, comparison of
two categories of teachers—teachers with a degree and/or secondary single subject
teaching credential in chemistry (in-discipline) and teachers with a degree and/or
secondary single subject teaching credential in a non-chemistry science (out-ofdiscipline) showed that the in-discipline category had a higher mean score than the outof-discipline. There was a statistically significant difference in scores between the two
groups of teachers as shown in the t-test results ( p < 0.003) (70).
It was found out based on the qualitative interpretation of the written evaluation
of one of the teachers that the CCI is of great use to demonstrate teachers existing
alternate conceptions. She further stressed that although she was aware of the existence of
students‘ alternate science conceptions from previous work on a reform-based curriculum
writing team, but did not realize her own incorrect ideas about chemistry until taking the
CCI (70).
In the construction of the Geoscience CI (GCI), differential item functioning
(DIF) and item response theory were incorporated in the development of the CI
questions. The use of IRT analysis converts CI raw scores to scaled scores which provide
a more meaningful view to student‘s conceptual understanding and gain. IRT implies that
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not all items are created equal in terms of the degree of difficulty. It allows score scaling
that more accurately reflect the difficulty of a test item. On the other hand, DIF measures
bias in an item or see if the test is measuring more than the specific latent trait under
consideration while Rasch analysis provides the score scaling that investigate item
stability (57).
In this study, the BCI results showed that students had striking lack of
understanding and the results were strongly supported and extended through ―thinkaloud‖ interviews conducted with students. Results led to consider the broader
ramifications of misunderstanding random processes in both students and the general
population (43). As additional evidence, in this study the BCI was a powerful tool to
elucidate student‘s misconceptions in biology (55).
As part of increasing the validity of the CI as assessment instrument to evaluate
student learning and conceptual understanding, a set of learning goals for undergraduate
was established by interviewing course instructors and other experts. Then an assessment
consisting of questions that address the learning goals using student-provided distracters
was created and validated through student interviews and expert reviews, and further
refined the assessment based on pilot study results. The CI was used to gauge student
understanding of basic concepts in genetics at the undergraduate level. Results showed
that the instrument is reliable when administered in two different courses at the same
level (coefficient of stability 0.93). Chi-square analysis revealed that only four questions
exhibited a significantly different (p _ 0.05) spread of distracter choices on pretests, and
interviews indicated that interpretation of these distracters was consistent. The exam
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scores that students earned in the given semester were not well correlated to CI pretest
scores, but were well correlated to both posttest scores and normalized learning gains.
The stronger correlation of posttest scores and normalized learning gains with exam
scores suggests that CI instrument measures knowledge that is gained during a genetics
course (71).
Conclusion
The CI is a useful tool to diagnose student‘s misconceptions but knowledge about
them is insufficient by itself to improve the effectiveness of instruction. Further, a high
score is possible by teaching the test. To achieve significant conceptual change there
should be a well-designed and tested instructional method (40).
Based on factor analysis, FCI is still a useful tool to elucidate alternate
conceptions to evaluate instruction relying on assessment of small bits and pieces of
students‘ knowledge rather than a central force concept. CI may probably be measuring
student‘s familiarity with the context rather than understanding of the concept. But in
later research work, the original FCI authors disputed that the results of their study is in
complete accord with their results and interpretation. They further stressed that FCI
should be administered and interpreted as a whole; separate pieces of it are much less
reliable and informative. Another recommendation is that more research is needed to
determine exactly what the FCI is actually measuring before the results are used to make
decisions about individual students (48).
As recommended, the FCI questions should be reviewed if individual questions
appear to measure a ―force concept‖ even though the conceptual dimensions proposed by
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the authors appear to be logical ways of decomposing the force concept. Further, the
authors suggested the use of factor analysis in the interpretation of FCI data in order to
provide evidence that the FCI actually measures a force concept it claims to measure
(48). Further studies should be done with the utilization of CI about finding more
evidence for the dynamic interaction of student‘s conceptual understanding and
achievement in a course (72). It was suggested that further research using CINS should
involve Item Response Theory and item option characteristic curves rather than Classical
Test Theory based on discriminability and difﬁculty, to evaluate the performance of large
groups of students at varying levels of ability. Based on the results, the CINS items are
potentially valuable for in-class discussion. Occasional use of selected CI items in
classroom discussion always generates lively and highly productive discussion with nonmajors. Further studies should be done to assess if CINS as diagnostic test can be used to
assess instructional methods or to stimulate conceptual change in the students (54).
The CI is a powerful tool for teachers in elucidating student‘s alternative
conceptions. These inappropriate ideas can then be properly addressed during class
discussion. However, the assessment of the validity construct of the items posed a major
challenge. It should be validated through correlation studies using some statistical tools
not just merely based on the statement that the different groups of experts are in
agreement with the results (41).
The FCI provides another potent tool not only for improving student learning but
also for improving the teachers‘ understanding and approaches to teaching. The next
challenge now is to demonstrate how the FCI and notions of interactive teaching have
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been drawn upon in designing and implementing teaching about force and related
kinematics (59).
Moreover based on this work, FCI can offer a very helpful introductory focus, and
springboard, for the teacher in developing newer aspects of pedagogy such as the
Interactive Conceptual Interaction (60).
FCI can be utilized to implore the significance of devised instructional methods
for improving proportional reasoning skills. The normalized gain based on the post FCI
scores should be considered foremost before comparing it to the pre FCI scores (62).
More studies should be done in terms of modifying the FCI in order to evaluate
the effect of gender, ability, and economic background to student‘s conceptual
understanding of the force concept (63). The authors recommended that further works
should be done to find more evidence that contextual shifts tend to cancel and the total
score on the FCI is a good estimate of the state of student knowledge (64). Further, FCI
can indeed be used, at least to a certain extent, to evaluate the coherence of students‘
understanding of the force concept based on factor analysis. Thus it would have been
interesting to perform factor analysis on the analysis of CI scores to find out significant
factors; especially running various forms of factor analysis with a larger data set and
compare the results with outcomes obtained using the analysis of conceptual coherence
(65).
In the development of a multi-dimensional BCI, it is important to be aware that
confidence measures have, in many contexts, been shown to be gender-biased. Therefore,
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it is particularly important that validity and reliability measures be employed during
development (50).
A broader impact of the study is the implication for all multiple-choice
instruments used in pre/post-instruction analysis. The effect of distracters could change
during the course of instruction. The distracters that are effective before students have
completed instruction may be ineffective or more effective after instruction. Further,
students may develop a new set of alternative conceptions that are not addressed in the
instrument, which could lead to student responses that do not accurately reﬂect the nature
of the students‘ conceptual understanding. This phenomenon could possibly lead to
pre/post-comparisons that does not accurately reﬂect the level of student understanding
that they have acquired (61).
CI can be used also to determine teacher‘s alternate conceptions as an initial step
to increase their content knowledge. Due to this aspect, CI is a useful tool in improving
teachers‘ conceptual understanding to better prepare them to teach a reform-based
conceptual curriculum. However, the major challenge lies on how to facilitate meaningful
classroom situations in order to improve conceptual understanding among teachers after
knowing their CI scores.

Teachers have often not been exposed to situations that

challenge the validity of their constructed ideas, and thus they may be unaware of their
own misconceptions, much less see a need to provide such meaningful situations to their
students. CI may be an effective tool in detecting misconceptions among teachers but the
greatest challenge in improving students‘ learning appears to be a cycle that includes
teachers‘ preparation in the content area and teachers‘ instructional practice (69).
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In order to increase validity of CI instrument, Rasch scaling of CI scores should
be considered through differential item functioning (DIF) and item response theory (IRT)
analysis (57).
The composition of groups working on CI plays a vital role. The composition
should illustrate the range of expertise and experience needed to construct concept
inventories with the potential to reform science teaching. Another critical consideration is
the length of time required to develop CI questions since in some studies it took a decade
or more to create them. In fact, CI questions are tagged as "million-dollar instruments"
because the time and skill required creating them is so great (53).
Moreover, CI can be used with active learning and scientific teaching approaches.
It definitely helps reinforce student‘s understanding. However, integrating the appropriate
CI to interactive teaching poses another challenge even for most experienced teacher. As
a recommendation, a set of workshops and supporting efforts focusing on the use of
inventories and student-active and scientific teaching should be given at professional
meetings by teams of experienced educators with common training and vision. The
representatives from teams should need to work together to set goals and strategies for
meeting them (53).
The most important issue that needs to be addressed in order to improve the
robustness of CI instrument is that the validation of the instrument which involves
administration of the instrument should be followed by in-depth interviews of students,
with the aim of establishing the percentage of misses and false positives. A miss is a case
in which a student holds a particular misconception that the instrument failed to spot, and
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a false positive is a case in which the instrument spotted a misconception that the student
does not actually hold (43).
The CI can be to measure students‘ learning gains as well as to identify strengths
and weaknesses in teaching approaches for specific concepts (71). It was further
suggested to evaluate if the results from CI as an assessment tool is transferable to other
groups interested in communal work on curriculum reforms (73). Further studies should
be tried in order to provide more evidence that the elucidated misconceptions from
students tend to be the same across several groups tested and is statistically reliable for
use in any introductory courses (67). Further, CI questions can be utilized to gauge
students‘ improvement after instructional intervention (68, 69).
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CHAPTER 3
METHODOLOGY

The experimental part is designed to investigate about the research questions, and
is structured consisting five phases with some subsets of questions.
Phase 1: Eliciting Conceptual Understanding from Different Groups of Chemistry
Students Using the Developed CI Questions
At to what extent the CI questions can elicit conceptual understanding when it is
administered to different groups of chemistry students?
In the preliminary stage, ten open-ended questions on energy (see Appendix A)
were developed. The wording of the items was modified and re-modified after several
evaluations made by four graduate students and a professor. The main purpose of the
questions was to elucidate students‘ common misconceptions regarding energy. The
questions were posted on Ed‘s Tools and given as an assignment to general chemistry
students during Fall 07.
During the development of the CI questions, we paid particular attention on the
coding of the misconceptions from the responses to the open-ended questions, which is
the most critical part of this study. Students‘ responses were then analyzed qualitatively
using an online program which is interfaced on Ed‘s Tools. It makes the coding analysis a
lot faster and more convenient. The coding analyses were then done by four graduate
students and one professor. During coding analysis, sentences were then grouped to form
categories of student references to energy. The categories for misconceptions were
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subsequently given labels. The common misconceptions were discussed and agreed upon
by the raters. Modifications on coding analyses were made based upon the evaluations
made by the different raters. Inter-rater reliability score was also calculated to look at the
reliability of the outcome from the coding analyses.
Multiple-choice CI questions were then constructed and distracters were selected
and formulated based on the results from the coded misconceptions; the misconceptions
were consequently used as wrong answers. Five options were included in order to
possibly use all the coded misconceptions from students‘ response. The CI questions (see
Appendix B and C) were evaluated and modifications were agreed upon by the same
raters after several times of thorough discussions.
The CI bonding energy questions were then administered to different groups of
chemistry students during Spring 08 (General Chemistry II, Organic, Analytical,
Inorganic, PChem and Graduate). They were given in two sets in order to limit the time
of in-class administration. Then the results were then analyzed by evaluating the number
of students who chose the distracters or the best answer followed by comparison of
results from the different groups.
On the other hand, an audio taped and videotaped interview was carried out
following a semi-structured interview protocol in order to elicit misconceptions on
atomic structure and covalent bonding. The interview protocol had probing questions that
were also developed to elicit details of students‘ reasoning on the specific focus concepts.
Five general chemistry and two organic students were interviewed during Fall 08 while
nine chemistry major undergraduates who were trained in the Summer Undergraduate
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Research Program (SURP) were also interviewed last Summer 09 using the developed
semi-structured interview protocol (see Appendix D).
Students‘ responses were then transcribed and analyzed. Analysis of interview
transcripts were done and based on the coding analysis, sentences were then grouped to
form common themes of students‘ misconceptions. The coded misconceptions were
discussed and agreed upon by the evaluators. Afterwards, multiple-choice CI questions
were then created in which the coded misconceptions were the distracters. Five options
were included in order to possibly use all the coded misconceptions from students‘
response. Four graduate students and a professor reviewed the multiple-choice items and
comment on their appropriateness and relevance for introductory chemistry and to detect
ambiguity in item wording. Further modifications were made based upon their
recommendation after several discussions.
The first version of CI questions (see Appendix E) was then administered to
different groups of chemistry students during Spring 09 (General Chemistry I and II,
Organic, Inorganic, Analytical, PChem and Graduate).

The results through the CI

questions were then analyzed qualitatively. The most common misconceptions and
conceptual understanding about the focus concepts across curriculum were then
investigated. We also performed a statistical analysis in order get the p value for test of
significant difference between results from various groups of chemistry students using ZTest for comparison of two proportions in terms of % students choosing the best answer.
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Phase 2: Single-Item versus Group-Items Testing of the CI Questions
Is there a significant difference between CI results in single item testing and items
in group testing where all items are given together?
The developed CI questions pertaining to atomic structure, covalent bonding and
bonding energy from Phase 1 were then reconstructed based on the preliminary results
from the first administration. CI questions were further evaluated based upon students‘
responses to judge the quality of each item, and to determine whether individual items
and distracters functioned as expected. Further, more additional questions were
formulated. A total of eleven multiple-choice items were established using the most
frequent student responses from the open-ended questions and interviews as guide for
making the distracter choices. Four alternative choices were made this time since the
number is typically found to be optimal (5) and they were chosen to represent the most
frequently encountered misconceptions from the first CI administration, to increase the
discriminating properties of the items. Several meeting sessions were done by the
evaluators to go through a very thorough editing process of the items. There were all in
all six questions for bonding energy, one for atomic structure and four for covalent
bonding CI questions after the first pilot testing (see Appendix G).
The 11 CI questions were then administered as pre- and post tests to different
general chemistry students during Fall 09 and Summer 10. Several classes took the 11
questions separately based on a single item administration while a number of classes
were administered with all the 11 items altogether.
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In the questionnaire, students were also asked to explain why they chose an option
as their best answer and after which the results were analyzed both qualitatively and
quantitatively. Statistical analysis was also done to get the p value for test of significant
difference between results from single-item and group-items administration using Z-Test
for comparison of two proportions in terms of % students choosing the best answer.
Phase 3: Pre- and Post Testing of The CI Questions and Correlation Study of
Student’s CI Scores with the Lab Assessments Scores
How effective is the CI as a tool to probe conceptual understanding before and
after instruction? Are there correlations between CI scores and lab assessment scores
from test of metacognitive ability, attitude test, test of self-efficacy or motivation test and
test of logical thinking?
This stage of the study utilized the results obtained from Phase 2 based on group
administration and pre- and post testing. Data were quantitatively analyzed by factoring
out students‘ outcomes from several lab assessments based on correlation study between
CI scores and lab assessments‘ scores using SPSS. Further statistical analysis was also
done to get the p value for test of significant difference between results from pre- and
post tests using Z-Test for comparison of two proportions in terms of % students with
conceptual understanding. Qualitative analysis of students‘ explanations and chosen
option as the best conception were also done to fully understand students‘ conceptual
understanding and to be able to come up with a comprehensive response to the goal of
this particular phase of the study.
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Phase 4: Specific versus General Bonding Energy Questions
Are two bonding energy CI questions which are worded differently (specific or
general) but are testing the same concept would make a difference in the elicited
conceptual understanding? Is the difference in the elicited conceptual understanding from
CI questions would agree significantly with the Ed‘s Tools results?
The six CI bonding energy questions from Phase 2 were used in this part of the
study. The questions were constructed such that they revolved around the associated
energy changes from bond breaking, bond formation, and both bond breaking and bond
formation. Three of the items were asked in a specific way in which chemical reactions
were given in the questions. On the other hand, the other three questions were asked in a
general way and with no examples of the chemical reactions. The questions were then
administered to general chemistry students last Fall 09 and Summer 10. Students were
also required to explain why they chose an option as their best answer. After which the
results were then analyzed qualitatively and quantitatively. Statistical analysis was also
done to get the p value for test of significant difference between results from specific and
general questions using Z-Test for comparison of two proportions in terms of % students
choosing the best answer.
Phase 5: Comparison of CI Results between Two Universities and with the Result
from Final Exam as Summative Assessment
How viable are the formulated conceptual questions in sampling student‘s
conceptual understanding between different institutional settings? Is there a difference in
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results attained between two different universities? Is there a difference in results when it
is given in the final exam as a summative assessment?
Three questions about covalent bonding were given as post test to Clemson
University and IOWA State University students. The results were then analyzed and
compared. Further, statistical analysis was also done to get the p value for test of
significant difference between results from the two universities using Z-Test for
comparison of two proportions in terms of % students choosing the best answer.
One question about bonding energy was also given as one of the items during
final exam to general chemistry students last Spring10. Statistical analysis was performed
to get the p value for test of significant difference between results from administering it
as part of the summative assessment and as post test question using Z-Test for
comparison of two proportions in terms of % students choosing the best answer.
Moreover, students‘ answers to open-ended questions about bonding energy that
were posted on Ed‘s Tools were qualitatively analyzed and the results were then
compared to the CI results obtained from the first phase of the study.
Take note that all of the students who participated in this study whether during
Ed‘s Tools assessment, interviews and CI administration have signed the consent form as
approved by the Institutional Review Board‘s (IRB) (see Appendix C) as a compliance to
the standard protocols for dealing with human subjects. IRB is known as an independent
ethics committee (IEC) or ethical review board (ERB) that has been formally designated
to approve, monitor, and review biomedical and behavioral research involving humans
with the aim to protect the rights and welfare of the research subjects (1d).
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CHAPTER 4
RESULTS AND DISCUSSION

The central focus of the study is the development of CI questions that will be used
to elicit student‘s conceptual understanding about atomic structure, covalent bonding and
bond energy. In order to evaluate the robustness of the CI questions, its development
involved several stages. This part of the paper will discuss the different outcomes from
the different stages.
Phase 1a: Eliciting Bonding Energy Misconceptions through Ed’s Tools’ OpenEnded Questions
At the preliminary stage of the study, there are ten open-ended questions about
energy concepts that were posted on Ed‘s Tools. They were constructed to possibly
capture a broader range of student‘s response with misconceptions in bonding energy.
We found out based on student‘s response from Ed‘s Tools questions 1, 2, 6 and 7 (see
Appendix A) that these questions do not significantly elucidate the common
misconceptions about energy involved during bond breaking and forming. These
questions led to answers which are mostly of definition-type and enumeration-type. The
answers can easily be regurgitated by students and are dependent on the insights gained
from the teachers and textbook materials. Some of the student‘s responses with bonding
energy misconceptions are presented below. It seems that students‘ responses to openended questions are dependent on the type of questions asked. The questions were
worded to possibly solicit specific or general answers or answers with in-depth
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explanations. Below are the sample responses from the Ed‘s Tools questions 1, 2, 6 and
7 with bonding energy misconceptions. The names are not the real names of the students
for protection of their privacy as stated in the IRB consent forms.

Ed‘s Tools‘ question 1 simply asked the definition of energy.
Meg: ―To make a bond, it also takes energy, to change it from there not
being a bond, to there being a bond. Everything that changes can be
explained by using energy to do so. Thus energy would be the ability to
change.‖
Luke: ―Energy is used in forming and breaking bonds. The more energy
applied, the more the particle begins to separate.‖

Ed‘s Tools question 2 asked about the different types of energy.
Mart: ―This energy comes from the breaking and forming of chemical
bonds within the body.‖
Tim: ―Thermal energy is given off in exothermic reactions, or reactions
during which energy is released. This might occur when high energy
bonds are broken in a reaction, and that energy is released in the form of
heat, which would be noticeable externally. Thermal energy from the
outside could be used in an endothermic reaction, perhaps for the purpose
of creating some high energy bonds.‖
Ed‘s Tools question 6 asked about student‘s understanding of energy.
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Lucy: ―Energy is what holds chemical bonds together. The strength of the
bond determines the amount of energy needed to break the bond and form
a new compound or molecule.‖
Butch: ―I think that there is energy contained within the bonds between
atoms in molecules and that this is released in heat form when bonds are
broken and it is absorbed when bonds are formed.‖

Ed‘s Tools question 7 asked about the different types of energy encountered in chemistry.
Chat: ―I have come into contact with chemical energy. This type of
energy is the energy stored in the chemical bonds of molecules and can be
released as heat when bonds are broken‖
Delia: ―It takes energy to break bonds because if it didn’t, every bond
would eventually break and we would cease to exist. By putting energy in
to break bonds, energy can be released.‖

All bonding energy misconceptions in the responses are underlined. Although the
result is not that significant, the general-, specific-, enumeration- and definition- type of
questions about energy were able to elucidate the persistent bonding energy
misconceptions. It can be seen from student‘s answers that energy is required during
bond formation or formation of a compound/molecule, energy is released during bond
breaking, and bond contains energy.
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On the other hand, Ed‘s Tools questions 4, 5, 9 and 10 asked about energy
changes when a physical change occurs. Although the questions refer to energy changes
during physical transformation, there were a number of responses that stated that physical
changes involved bond breaking, which requires energy in order to separate the atoms.
This is the most common misconception about energy change during a physical
transformation like boiling in which bonds are broken and atoms in the molecules are
being separated (3a). Below are some of the quotations of student‘s answers with the
common misconception during a physical change.

Ed‘s Tools question 4 specifically asked about the energy changes during evaporation of
water in the sunlight.
Paul: ―I believe that the energy produced by the sunlight is powerful
enough to break the bonds in the water and then consequently release the
hydrogen and oxygen out into the air. Once released into the air, the
hydrogen and oxygen then disperse and leave the beaker empty.‖
Pearl: ―In this case, the thermal energy is increasing causing the water
atoms to separate and the bonds to break.‖

Ed‘s Tools question 5 specifically asked about the energy changes during
evaporation of a beaker of water on a hot plate.
Nica: ―The energy in the hot plate is very high and the particles of water
in the hot plate start to move very rapidly. At this time the bonds in the
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hydrogen and the bonds in the oxygen break and cause a release of
hydrogen and oxygen into the air.‖
Shine: ―The large amount of energy causes the atoms of water to pull
apart and therefore break. The breaking of these atoms creates the
evaporation of the water.‖

Ed‘s Tools question 9 specifically asked about the energy changes when thermal
energy is added to water to change the temperature from 10oC to 50oC.
Tina: ―The heat causes the molecules to stretch and bend until the forces
are too strong and the water molecules break up into separate oxygen and
hydrogen.‖

Ed‘s Tools question 10 specifically asked about the energy changes when thermal energy
is added to boiling water.
Jordin: ―The two separate molecules are then no longer bound and are
moving so frantically that they are able to rise above the bottom of the
container. The force of gravity is no longer a factor in these two separate
molecules and the oxygen as well as the hydrogen turns into gases.‖

Based on the results, the common misconception elicited is that during
evaporation the bonds are broken and thus atoms in the molecules are being separated.
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The different questions that are specifically asked for energy involved during a physical
transformation under different conditions were able to elicit the said misconception.
However, one of the goals of this study is focused on eliciting bonding energy
misconceptions that will be consequently used to develop the CI questions. Through
many previous research works it has been shown that bonding energy misconception is
the most common misconception among students when asked about what happened with
the energy involved during bond formation and breaking (4a). Thus, two Ed‘s Tools
questions were constructed to capture such energy misconception. Ed‘s Tools question 3
is a general-type of question that asked about what happened to the energy involved
during bond breaking and bond formation. On the other hand, Ed‘s Tools question 8 is a
specific-type of question in which chemical equations for bond breaking and bond
forming are shown as examples in the question. The following are the quotations from
student‘s responses for Ed‘s Tools questions 3 and 8.

Ed‘s Tools question 3 with student‘s response that energy is released during bond
breaking and energy is absorbed during bond formation.
Deidra: ―Bonds are high-energy formations between atoms that are used
to establish a connection between those atoms…Energy is used to create
these bonds that will need to endure harsh outside conditions. When two
atoms are coming together to form a bond, energy needs to come from
somewhere to form that bond… Similarly, when bonds are being broken
for the purpose of reducing compounds to their original atoms, the energy
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from some of those high or low-energy bonds is released, perhaps in the
form of heat. Without energy, bonds do not even have a chance to form.
Energy is required to keep those bonds in place so that molecules can be
used

as

molecules

rather

than

single

atoms.‖

Grace: ―During bond formation, energy from two (or more) atoms is
combined to form a strong attraction between the different atoms…. The
energy that each atom previously had is now stored in the bonds. When
you "break" a bond, energy goes back to its original atoms, and you then
have the freely roaming atoms. However, every time you "break" a bond,
you give off a little heat, and the resulting atoms will have less energy
than before.‖
John: ―It is my understanding that energy is required for a reaction to
occur and for bonds to form. As every action has an equal and opposite
reaction, I believe that energy is released when bonds are broken in
chemical reactions. For example, in biology ATP is broken to make ADP
and energy! I would assume (well I did assume) that the same holds true
in the world of chemistry and chemical reactions.‖
Mon: ―Two un-bonded atoms can form a bond with the addition of
energy. Therefore, it can be seen that an endothermic reaction involves
the formation of bonds, because energy is being taken in by the atoms. On
the contrary, by observing an exothermic reaction, we know that bonds
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are breaking. As a bond breaks, the energy associated with holding it
together is released. When released, this energy is converted to heat...‖
Dana: ―Energy change occurs when there is bond formation or bond
breaking. To form a bond, the system requires energy in order to bring the
2 components together, and the energy is then stored (potential energy).
When breaking this same bond that energy is released usually in the form
of heat.‖

Ed‘s Tools question 3 with student‘s response that energy is released during bond
breaking and energy is released during bond formation.
Bebo: ―In bond breaking, energy is released. In bond forming there is loss
of energy. In ionic bond formation, energy lost is larger; charge particles
are involved (Coulombic attraction). In covalent bond formation though
not that big there is lesser in energy than ionic bond.‖
Nadia: ―The energy released from bond breaking and formation is
remarkable.‖
Sam: ―During bond formation and breaking, the electrons are "excited" if
they contain any energy. When the bond is forming or breaking, thermal
energy is likely to be given off. A bond that contains a lot of energy will be
stronger and probably be a bond between solids or liquids. A weaker bond
with less energy will be in a substance in the form of a gas.‖
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Jane: ―Bond formation is always exothermic; the formed molecule is
always lower in energy than the sum of its individual components. The
new molecule is more stable bonded together than when the atoms are
separate. When bonds break they can release energy, in this situation the
new components are lower in energy than the initial bond.‖

Ed‘s Tools question 3 with student‘s response that energy is absorbed during bond
breaking and energy is absorbed during bond formation.
Bert: ―We use energy to form bonds. We use energy to break bonds.
Energy is used in both processes but energy value is different.‖
Kyle: ―… I would say that it takes a lot of energy to form bonds and a lot
to break them. I'm not sure what could break bonds but depending on how
strong the bonds are, that's how much energy should be exerted. Building
bonds would also take a great deal of energy because they
molecules/atoms/elements are being formed together. I guess the positive
and negative charges would have something to do with the energy also.‖
Hans: ―Energy is key in the breaking and forming of chemical bonds.
Energy is what is used to either create the bond or break it apart. To
break a chemical bond, more energy is need. The energy pulls the atoms
apart and therefore, causing the bonds to break. On the other hand, atoms
of a bond must give out energy so the atoms can form together and
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become stronger. So as we see, the energy is needed in both breaking and
forming chemical bond.‖
Drew: ―During bond formation, energy is put into the molecules in order
to allow the electrons of each of the molecules to move around and
transfer to the other molecules. This is very important because if the
electrons did not exhibit any energy, then the molecules would never be
able to bond… Energy is equally important when the bonds are breaking
because the energy needs to be put into the reaction to break apart the
stable bond. Since the bonds are sometimes very strong, more energy is
needed to break apart the bonds, whereas sometimes little energy is
needed to break the bonds.‖
Dan: ―Energy is used in all forms from breaking a body to forming a
bond. Everything takes energy. During the formation of a bond it requires
energy. Kinetic energy is used in the formation of bonds because it is the
motion energy, and it requires energy to form the bond… Energy is always
used when forming or breaking a bond.‖

Ed‘s Tools question 3 with student‘s response that energy is neither created nor destroyed
based on conservation energy.
Bon: ―When bonds are created and broken, energy is neither created nor
destroyed. The energy is still the same on each electron charge. The only
difference is that the energy is not joined together.‖
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Ed‘s Tools question 8 with student‘s response that energy is released during bond
breaking and energy is absorbed during bond formation.
Naomi: “In the chemical reaction a, the element is broken down into
smaller parts. This decomposition creates energy through breaking the
bonds. In chemical reaction b, the two elements combine to create a
different molecule. The synthesis takes energy to bond the two together.‖
Nita: ―In the first reaction (reaction A), the reaction isn’t necessarily
losing energy, it is just being spread out between the chemicals it involves.
Instead of being in one compound, the energy is split into the three
different molecules. The second reaction is the opposite of the first. The
energy from the two different molecules are coming together and forming
one compound with the energy from the two molecules.‖
Bert: ―(a) Here energy has been released because the bonds of the
compound have been broken. It's assumed that this is a substantial amount
of energy released because three bonds were broken to separate the
elements. (b)Energy was required to combine these two elements to form
the compound NaCl. Using the same logic as early, I'd assume that not as
much energy was put into this reaction as was released in the first
equation.‖
Tom: ―You've got a gas and they are releasing energy to break it up in to
separate gases. There was potential energy stored up in the first part then
it was released when it broke up into other gases. In (b) it's the opposite.
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There is energy in two different compounds and they are creating energy
to form into one compound.‖
Greg: ―In the first reaction there is stored energy or potential energy in
the reactants. The breaking apart or decomposition of the reactant causes
a release of energy. This reaction is exothermic because the amount of
energy added to the equation is less than the amount of energy that is
given off as heat or another form. In the second reaction there is energy
used to combine the reactants together. This is a combination reaction
where there is a stored amount of energy or potential energy in the
product. This reaction is an endothermic reaction because the amount of
energy that is put into the equation is greater than the amount of energy
that is released from the equation.‖
Becka: ―In reaction (a), the energy in CCl3 breaks into C, 3Cl, and F. The
energy originally in CCl3F splits into three parts, so it is dispersed among
the other elements and molecule. I do not know how to tell how the energy
was split up. Perhaps there is more energy in the chloride molecule than
in C and F because there are 3 atoms of chloride and single atoms of
carbon and flouride. In reaction (b), the energy in Na and Cl2 combines to
form NaCl.‖

Ed‘s Tools question 8 with student‘s response that energy is absorbed during bond
breaking and energy is absorbed during bond formation.
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Amanda: ―Energy is needed in the first step to hold the molecule together
and energy is needed when getting the product of the reaction because the
bonds are broken. This is an illustration of a chemical decomposition
reaction where the reactant is being split apart by energy to form single
elements. In reaction B, the reactants are bonding together to form a
molecule that is being held together by a bond that requires energy to
keep it from breaking apart easily. Reaction B is a synthesis reaction in
which two substances are bonding together to form one by using energy.‖
Ted: ―The chemical reaction in example A is a decomposition reaction
because the original compound is being broken down into simpler parts.
In order for this to take place there must be some sort of energy acting in
the reaction to perform the work necessary to break the compound apart.
In the chemical reaction B it is the opposite of example A. Reaction B is a
synthesis reaction because two simple elements are being combined
together to form a compound. Although it is different than example A it
still requires energy to perform the work needed to combine the
elements.‖
Ben: ―In the first reaction A, CCl3F is broken down into its components,
representative of C, 3Cl, and F. The amount of energy that it took to
separate the compound in its respective elements is true on the opposite
side of the equation as well. The gas was broken down to produce three
separate gases that were indicative of the gaseous compound. In reaction
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B, Na and 0.5Cl2 were combined to produce sodium chloride. In this case,
it took a certain amount of energy to cause the sodium and chloride to
react with each other. In both cases shown above, the two molecular
equations show that energy can be used to combine and break apart
compounds in order to form new products.‖
Hazel: ―Energy is also used to create or destroy a compound. In example
(A) energy is used to break down CCl3F(g) into C(g), 3Cl(g), and F(g).
Without a certain amount of energy the bonds in CCl3F(g) could not be
broken and therefore nothing would break down. In example (B) energy is
used to combine two elements to form a compound. The energy combines
Na(g) and ½ Cl2(g) to form NaCl(g). Again without a certain amount of
energy the elements would not be able to combine to form this
compound.‖
Bruno: ―In the first reaction, the bonds of the initial compound, the
reactant, are broken to produce three separate elements, the products.
Energy is required to break the bonds that held the initial compound
together. In the second reaction the two elements, the reactants, are
combined to form the final compound, the product. Just as energy is
required to break bonds it is also required to form bonds.‖
Nolan: ―In chemical reactions, energy is used all throughout in order for
the reactions to take place. In the first equation, energy is being consumed
to break down the compound into separate elements. In the second
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equation, energy is being absorbed through the bonding of the two
elements to form NaCl.‖

Ed‘s Tools question 8 with student‘s response having other kinds of misconceptions.
Mary: ―The decomposition may have been caused by heating it up such
as in boiling which would break the bonds holding the reactant together.‖
Diet: ―The energy in the chemical formula of letter a do not really
change. It doesn’t even really change forms since all the chemicals remain
gases. The charges and amounts of each chemical after the separation are
the same as when they were together. There are 3 Chlorine atoms and 1
carbon and fluoride atoms. No energy has changed. In the second
equation though there is a change in the energy. The two Chlorine atoms
get reduced to 1 and so has a change of 1. So even though the compound
remains in the state of gas it has an energy reduction of the two chlorine
atoms.‖

To sum up, student‘s response can be placed in different categories such that
students may either (1) have misconception on bond breaking as well as bond formation,
(2) have misconceptions on bond breaking yet a better conceptual understanding about
bond formation, (3) better conceptual understanding about bond breaking yet having a
misconception on bond formation due to different reasons.
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The coding of bonding energy misconceptions was done by several raters. The
reliability of results between raters was analyzed by calculating the Cohen‘s Kappa. It is
an index that measures inter-rater agreement for categorical (qualitative) items. The items
are indicators of the extent to which two raters who are examining the same set of
categorical data, agree while assigning the data to categories (5a). For general bonding
question 3, the inter-rater Cohen‘s Kappa ranges from 0.67-0.83. The values show
substantial agreement between 5 raters. On the other hand, the inter-rater Cohen‘s Kappa
ranges from 0.67-0.71 for the specific bonding question 8. Further, there is substantial
agreement based on the values between 3 raters. Therefore, it can be concluded that the
results from coding analysis are significantly reliable.
Phase 1b: Eliciting Atomic Structure and Covalent Bonding Misconceptions
through Audio-taped and Videotaped Interviews with Model Making and Ed’s
Tools’ Open-Ended Questions
Below are the responses from students through the interview. The misconceptions
can be seen in the underlined statements.

GCPat: “The sphere represents the electron probability cloud.

The

electron would be found somewhere near the surface of the sphere and
somewhere at the center of the sphere would be the proton. The electron
could be thought as evenly spread around outside of this sphere. The
electron is the sphere, it’s just everywhere on the sphere at once.
Electrons as clouds are spread around the nuclei but mostly concentrated
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between the 2 nuclei. The two hydrogen atoms would end up to something
sort of oblong like egg-shaped with the nucleus of one of the hydrogen
atoms being closed to one end and the other nucleus to the other end. The
orbitals get shared since the electrons are spread out around both nuclei
and are mostly concentrated between the 2 nuclei. A covalent bond is the
state where the electrons with opposite spin share orbitals.‖
GCQueen: ―The big one is the nucleus and the small one is the electron,
the size of the electron is way smaller than the nucleus. There is orbital
around the nucleus like a circle. Electrons attach to each other to form a
bond which is a sigma bond. Electrons need each other to form orbital to
completely fill each of their 1s orbital. There is force between the
electrons that holds the two hydrogen atoms together. There is no specific
location in finding the electrons since the electrons could be found
anywhere since they are constantly moving. Electrons are shared between
the two hydrogen atoms. They could be at the side of the atoms or in
between them. In a covalent bond, there is sharing of electrons. The
electrons are not whizzing around when the bond is formed. The electrons
probably would stay in one location. The electrons are not moving around
the atoms. When the bond is formed, if one electron moves then the other
has to move.‖
GCTeri: ―This is the proton (blue magnetic ball), this is the nucleus
(white magnetic ball) and this is the electron yellow magnetic ball) of the
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hydrogen atom and the neutron is not showing. Valence electrons would
not repel each other since they are electrons that an atom can lose or gain
in order to attain its gas state. The electrons should go within the same
orbit. They should follow each other since it is in an orbit around the
nucleus. The electrons can be found most of the time around the two nuclei
in H2. When two hydrogen atoms come closer a single bond is formed.
Hydrogen wants to gain an electron in order to fill its s-subshell to
become stable. A bond holds the two atoms together and is represented
with a single line between the two bonded electrons. Covalent bonding is
between metal and a nonmetal.‖
GCMat: ―The protons are inside this ball. The electron could be
anywhere on this surface. Is it anywhere on the surface or anywhere on
the cloud? I can’t remember! I think it’s anywhere on the surface. There
could be no two electrons on the cloud. The electrons are anywhere on the
surfaces of the two atoms and are whizzing around them. The electrons
are between the two protons (always?)because of the attraction. The
electrons are closer to both protons at the same time. They are still
moving and most of the time would probably stay in between them. The
electrons move like the planet orbiting around the sun. They would stay
away from each other but they are still attracted to the protons. The two
electrons could not be found in the center of the two hydrogen atoms at the
same time. They are still whizzing around the two nuclei but they are more
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likely to be between the two atoms, but not both at the same time. The two
hydrogen atoms are bonded together to make a hydrogen molecule.‖
GCJessie: ―This is the nucleus (light circular blue floam). There is a
green piece of play-doh inside, the proton and the electron is the small
bead and that would be orbiting around it. The electrons would repel each
other but they are attracted to the other nucleus so the electrons end up in
overlapping path. They overlap each other and forms overlapping orbitals
that bond the hydrogen. The electrons would stay at the center (always?)
because they are attracted to both nuclei. The electrons’ orbitals overlap
each other and they are shared equally. A bond is formed by the
overlapping orbitals of the electrons.‖
OCMarco: ―The two orbitals combine. The two hydrogen atoms share
electrons. The two electrons are circling the two nuclei. The electrons are
whizzing around. The electron is orbiting like planet around the sun.‖
OCPhil: ―The electrons would repel each other creating a larger orbit or
expanding the orbital. The 1s orbital become full and more stable. It
would make a larger cloud around the two nuclei.‖
SURPJK: ―The nucleus would come to each other but the electrons
would cross to each other. They would stay in between (always?) to keep
them stable. The orbitals would cross to each other. The electrons would
interact with each other. The nucleus would stay in a certain distance
where they are attracted to each other. The nuclei repel each other since
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protons and nucleus have the same charge and the energy would become
greater.‖
SURPJM: ―The two hydrogen atoms formed a single bond which is a
sigma bond. In a sigma bond there is sharing of the two electrons.
Covalent bond means that both nuclei share the electrons with the same
amount of time. A molecular orbital is formed which gives more space for
the electron to get in the way. The molecular orbital can hold two
electrons. The driving force is to have two electrons in it instead of one
and so hydrogen has to find another atom which can share that electron.‖
SURPMG: ―The electrons would stay in the bond and the bond would
break if enough energy is added to it. In a covalent bond the electrons are
shared. The electrons go back and forth but most of the time the electrons
are in the middle of the electron clouds of the two atoms. The electron
clouds would overlap when the atoms formed a bonding orbital which is
the most probable location of finding the electrons.‖
SURPIL: ―The core of the hydrogen interacts with the electron of the
other hydrogen and this causes the formation of the molecule. The
electrons move in opposing direction. They are not going to stay in the
middle because the neutron blocks them. In covalent bond there is sharing
of electrons.‖
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SURPBT: ―The two hydrogen atoms formed a bond. They can share their
electrons to form a covalent bond. A covalent bond is formed because of
Octet Rule. Hydrogen is diatomic in nature because of that rule.‖
SURPVS: ―The energy of the atoms is increasing since energy is needed
to bring them closer together and then energy is added inside the
molecule. In covalent bond, the two electrons keep the two nuclei together.
The two electrons move around the nuclei by circling around them.‖
SURPAA: ―The electrons can be found in the orbital.The orbitals
overlapped and reached an equilibrium position to form a dihydrogen
since the s orbital can take two electrons. Once the orbitals overlapped,
the two s are filled shells and the electrons can interact between the two
nuclei. The electrons can still oscillate around the atoms. The electrons
are pushed outside. In a covalent bond, the atoms are sharing their
valence electrons. In a covalent bond two or more atoms are sharing their
electrons together in a bond.‖
SURPSS: ―The orbitals of the two hydrogen atoms are overlapping.
There is an overlapping space around the nuclei in which the electrons
move. The electrons are shared to complete the valence shells. The two
atoms are sharing the electrons. Filled valence shells keeps the two
hydrogen atoms together. In covalent bond, there is sharing of electrons.
The molecule is formed.‖
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SURPKM: ―The electrons orbit around the protons. The electrons cannot
be located exactly in the electron cloud but they repel each other so they
kind of stay away from each other and are still close to the nuclei. The
electrons can be probably be found (most of the time?) in the middle of the
two nuclei or could be anywhere around them. The two hydrogen atoms
share the two electrons to have a full shell. The bonding orbital would
have a lower energy than the normal s orbital. In a covalent bond the
electrons are equally shared between the two atoms. During bonding, the
electrons are at a lower state of energy because the electrons are paired
and the orbitals are full.‖

Two additional open-ended questions were posted on Ed‘s Tools to elicit more
misconceptions on covalent bonding. The questions are:
1. Why do two atoms form bonds with each other?
2.

Why do two hydrogen atoms form a molecule of H2?
The first question generally elicited the following student‘s reasons why two

atoms form bonds with each other: to achieve stability, to attain fully-filled valence
shells/outer orbitals, due to attraction between atoms, due to interaction between
electrons, due to pairing up of the electrons, due to orbital overlap, to form a single bond,
to form a covalent bond, to share electrons, and to release energy and attain the lowest
energy level. The student‘s explanations are not necessarily wrong but they do not
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represent the best conceptual understanding why atoms form bonds with each other. The
best explanation is that the electron from each of the atoms is attracted to the nucleus of
the other and that energy is released as the bond is formed, thus stability is attained.
Below are the responses for the second question posted on Ed‘s Tools.

Rica: ―Hydrogen has one outer electron, but the electrons want to be
stable. Hydrogen then must join with another hydrogen atom to become
stable.‖
Paul : ―The reason that two hydrogen atoms form a molecule of H2 is very
simple. Hydrogen is a very electro-positive atom because it wants to get
rid of its one valence electron so that it can reach its most stable state. If
the hydrogen atoms cannot find another willing molecule to release this
valence electron to, it is so electropositive that it will even give up its
valence electron to another hydrogen so that they both can reach the
stable state.‖
Norman: ―Two hydrogen atoms form a molecule of H2 because both
atoms have one free electron for bonding, and one spot for another
electron. The two hydrogen atoms bond with a covalent bond, and share
electrons.‖
Kathy: ―When two hydrogen atoms stick together they form the diatomic
molecule H2. This is because it is a more stable molecule with the two
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hydrogen stuck together. The reason for this is that the first shell of
electrons required 2 electrons to be complete.‖
Mina: ―Hydrogen atoms from a bond on H2 because they have such a low
atomic number and weight that they need to be together to have
significance.‖
Tim: ―In chemistry two hydrogen bonds tend to form to the molecule H2.
This is because there is sufficient energy between the two hydrogen atoms
to be bonded together. If there were not enough energy there then the two
hydrogen atoms would not be able to form H2.‖

Some of the coded misconceptions from the interview transcripts and Ed‘s Tools
were then included as distracters in the development of the CI questions for atomic
structure and covalent bonding (see Appendix E).
Phase 1c: The Development of CI Bond Energy Questions
CI Bond Energy Question 1
As shown in figure 4.1 that 42%-58% of students from different groups have
better conceptual understanding since they chose the best answer except for GenChem2
with 12%, which is significantly lower compared to the other groups. The possible reason
for the significant difference is that higher level groups are more likely to choose the best
answer. More advance concepts are being taught and incorporated in the upper year
levels compared in the general chemistry 2, thus their understanding of the concepts is
more sophisticated than the general chemistry students.
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A.
B.
C.
D.
E.

Which of the following statements describes the energy changes involved in this chemical
reaction
CCl3F (l) -> C(g) + 3Cl(g) + F(g)
A. The molecule is broken down into smaller parts, which creates energy through breaking
the bonds.
B. During the course of the reaction, all the bonds in CCl3F molecules are broken which
requires energy.
C. The reaction is not necessarily losing energy it is just being spread out between the three
different atoms.
D. The decomposition is caused by heating up such as in boiling which would break the
bonds holding the reactant together.
E. Energy is released because four bonds were broken to separate the elements.

Which of the following statements describes the energy changes involved in this chemical reaction
CCl3F (l) -> C(g) + 3Cl(g) + F(g)
A. The potential energy stored up in the reactant was released when it was converted into atomic
gases.
B. The energy originally in CClF3 splits into three parts and is dispersed into the three elements.
C. The energy of the reaction does not really change since all the products remain gases and the
number of atoms after the separation is the same as when they were together.
D. As the reactant is converted into products, energy is absorbed to break bonds in the reactant.
E. The decomposition is caused by heating up such as in boiling which would break the bonds holding
the reactant together.

On the other hand, options C and D are poor distracters while options A and E are
considerably attractive distracters. It can be seen that the main idea being presented in the
distracters is that bond breaking releases energy, which is the most persistent
misconception about energy involved when a chemical reaction occurs. A significant
number of students from different groups have chosen these distracters. The result
validates the construct of the CI question since the distracters are worded based on
responses from general chemistry students, yet higher level chemistry students still opted
to choose them. The same finding was observed for Set B-1 as shown in figure 4.2.
Significantly lower percentage of students from general chemistry (37%) had better
conceptual understanding. On the other hand, the upper groups have percentage range of
50%-64% in selecting the best answer. Again, the most probable reason for this is that
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general chemistry students had limited conceptual understanding as compared to higher
level students.
Set A-1 and set B-1 had similar question but they consisted of different
distracters. Distracter A in set B-1 talks about the release of potential energy during bond
breaking, which is a persistent misconception about energy involved during bond
breaking. Significantly higher number of general chemistry students chose distracter A
and even considerable number of students from higher level groups. Thus, distracter A is
an effective distracter since it can distract even higher level chemistry students. Another
attractive distracter is option E since a considerable number of students from the different
groups have chosen it. Option E is the same with option D in set A-1 CI question. It is
another common misconception held by the students, which is the idea that adding heat
during a physical change would break the bonds holding the reactant together. Thus, the
results from this second set of CI question for energy involved during bond breaking
further validates the construct of the item since higher level students were distracted by
the misconceptions quoted from general chemistry students.
The results based on set A-1 and set B-1 were taken into consideration during the
modification of the CI question with specific example of bond breaking. The researcher
and the raters further evaluated and discussed the construct of the item and the concepts
tested in each of the distracter. A new distracter was added which is in terms of the
conservation energy that is, energy is the same at the reactant and product sides. This is
also one of the most cited reasons from student‘s response to Ed‘s Tools energy
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questions. This is not necessarily wrong but is not the appropriate answer for the question
being posed.

Which of the following statements describes the energy changes when this reaction occurs
CCl3F(l)  C(g) + 3Cl(g) + F(g)
A. Since energy can neither be created nor destroyed the energy of the products must equal the energy of the reactants.
B. Energy must have been added to the system because four bonds are broken.
C. The potential energy stored in the reactant molecule is released when the reactant is converted into atomic gases.
D. Thermal energy is added to the CCl3F causing the compound to boil and the bonds to break.

Figure 4.3 shows the results based on the modified CI question 1. Option A tests
for the concept that even though the magnitude of energy in the reactant side is the same
with the products side, energy is still released during bond breaking. Whereas option B is
the best answer and option C tests for the concept that potential energy is not released
from the reactant when it is converted to atomic gases. Option D tests for the concept that
boiling does not happen in the reaction. Further, boiling does not result to bond breaking
of the reactant molecule. The results showed that the student‘s selection of the options is
very distributed, which means that the distracters were able to distract a considerable
number of students from general chemistry class (CH101) both as pre- and post tests and
also from organic class (CH223). The difference between pre- and post tests will be
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discussed later in another stage of this study. The results further validate the construct of
the modified CI item 1.
CI Bond Energy Question 2
Figure 4.4 shows the results based on the first version of CI bonding energy
question 2. The same kind of analysis as in CI 2 was done for the first version of CI
bonding energy question 2. Results showed that only 14% of the general chemistry
students have better conceptual understanding while the rest of the groups have 30-75%
range for selecting the best answer. The more advanced level like physical chemistry and
graduate students had 75% and 65%, respectively who have better conceptual
understanding.

A.
B.
C.
D.

Which of the following statements describes the energy changes involved when an atom of
sodium reacts with an atom of chlorine as shown below
Na(g) + Cl(g)  NaCl(g)
A. The reaction requires energy to combine the atom to form NaCl.

Which of the following statements describes the energy changes involved in this chemical
reaction
Na(s) + ½ Cl2(g) → NaCl(s)
A. The reaction requires energy to combine the two elements to form NaCl.
B. The energy from the reactants is consumed to form the product.
C. When Na and Cl2 react, energy is released upon the formation of new product bonds.
D. After the reaction took place, the energy is the same since the phase of the product is the
same as that of the reactants.
E. There is a decrease in energy since the two chlorine atoms are reduced to one.

B. The energy of the system increases when bond formation occurs.
C. The reaction produces energy when the atoms bond to form NaCl.
D. The energy is absorbed from the system to create the bonds in the product.
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Distracters A and B can be considered as attractive distracters for they were able
to attract a considerable number of students from the different groups. Distracter A is the
most effective distracter item since it distracts a significant number of students from
general chemistry as well as organic chemistry. Distracters A and B are based on
different students‘ response but they are testing almost the same concept. Distracter A is
testing the concept that energy is not required in combining the reactants while distracter
B is testing the concept that energy is not required in forming the products. Whereas
distracters D and E are poor distracters since significantly fewer students have chosen it.
Thus, in the revised version of bonding energy CI question 2 only distracters A
and B are incorporated as seen in figure 4.5. Option A tests for the concept that energy is
not required to form the product. On the other hand, option B tests the concept that the
energy of the system does not increase when bond formation occurs. Option C is the best
answer, which states that energy is released when atoms bond while option D tests the
concept that energy is not absorbed when bonds are created in the product.
The results showed that there is increase validity of the construct of the item since
the new option D were selected by more students compared to the deleted options in the
first version and the results are significantly different (p< 0.05). Again, the difference
between pre- and post testing will not be discussed in this phase of the study.
CI Bond Energy Question 3
As shown in figures 4.6 and 4.7, the only effective distracter is that energy is
released during bond breaking and energy is required during bond formation.

A

significant number of students from each group have chosen these options as their best
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answer. At least 50% of the students under each group have this persistent misconception
about energy involved during bond breaking and forming. Thus, less than 50% of the
students in each group for both sets have better conceptual understanding about the
bonding energy involved during bond breaking and formation. There is no significant
difference between groups except for general chemistry which is significantly higher in
set A-3 and for graduate students which is significantly lower in set B-3. The percentage
of students that have the best conceptual understanding from each group for the 2 sets of
the CI question is significantly similar.

Which of the following statements describes the energy changes during bond formation and
breaking?
A. Energy is released as heat during bond breaking while energy is required to keep bonds in place.
B. Energy is consumed during bond breaking and formation.
C. Energy is released during bond breaking and formation.
D. Energy of the system does not change during bond formation and bond breaking.
E. Energy is required to break bonds in the reactants and released upon the formation of new
product bonds.

Which of the following statements describes the energy changes during bond formation and
breaking?
A. The energy released from bond breaking and formation is remarkable.
B. During bond formation, energy is applied into the reactant molecules so that their electrons will
move around in order to form product molecules.
C. During bond formation energy is released while during bond breaking energy is
consumed.
D. The reactant molecules absorb energy from their constituent atoms to form product bonds.
E. Energy is released when bonds in the reactants are broken and energy is required to build bonds.

Distracters B, C and D in figure 4.6 and distracters A, B and D in figure 4.7 are
poor distracters. They were removed during the re-construction of the CI question. The
modified version of the CI question in which results are shown in figure 4.8 had better
distracters. The distracters were able to attract a considerable percentage of students both
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from general chemistry pre- and post testing and organic chemistry post testing. It can be
seen from the graph that a relatively greater number of general chemistry students have
misconceptions about energy involved during bond breaking and formation.
In the item construct, option A tests for the concept that energy is not released as
heat during bond breaking and energy is not required to keep bonds in place. Whereas
option B tests for the concept, that is, in an exothermic reaction the bonds that are broken
do not release energy to the surrounding. Option C that refers to the conservation of
energy is not necessarily wrong but is not also the best answer for the question. This
option should explicate that the energy of the universe is the one that is constant and
student‘s ideas of energy in the system and surroundings during a chemical reaction
should be explored. Thus, this distracter needs to be re-worded so that it will only test
one concept. After reconstructing the CI item, we hope to tell that the students are
choosing this option because they really do not have the conceptual understanding about
the CI question and not just confused with the question. Further, option D is the best
answer.

Which of the following statements describes the energy changes during bond formation and breaking?
A. Energy is released as heat during bond breaking while energy is required to keep bonds in place.
B. If a reaction is exothermic the bonds that are broken release energy to the surroundings.
C. The energy that is required to break bonds is equal in magnitude to the energy released when bonds are formed, because energy can
neither be created nor destroyed.
D. When bonds are broken energy must be absorbed by the system, but when bonds are formed energy is released.
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CI Bond Energy Questions 4 and 5
The previous CI question for bond breaking has a specific example of the
chemical reaction. Thus, bonding CI question 4 was designed to elucidate misconceptions
about energy involved during bond breaking without showing a chemical reaction. The
distracters are based on the misconceptions coming from responses for the specific
question posted on Ed‘s Tools. The misconceptions being probed in this question are
when chemical bonds break ―the energy stored in the bonds is released as heat‖, ―energy
is either absorbed or released depending on the energy difference between the products
and reactants‖, and ―energy is required to break bonds because bonded atoms have more
potential energy than the separated atoms‖. It can be observed from figure 4.9 that % of
students are considerably distributed in all four options. It can be concluded that the
distracters are effective since it can capture student‘s misconceptions both from pre- and
post testing in general chemistry and post testing in organic chemistry. Significantly
smaller % of students in general chemistry had conceptual understanding about the CI
question compared to organic chemistry. This is because organic chemistry students were
already taught more advanced concepts that will help them in their conceptual
understanding about energy involved during bond breaking. The difference between preand post testing results will not be discussed in this phase of the study.
The initial CI question for energy involved during bond forming has a specific
example of the chemical reaction. Thus, bonding CI question 5 is a general-type of
question and was constructed without a chemical reaction hoping to elucidate
misconceptions about energy involved during bond forming. The distracters are based on
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the misconceptions coming from responses for the specific question posted on Ed‘s
Tools. The misconceptions being probed in this question are when chemical bonds are
formed ―energy may be absorbed or released depending on the atoms that are present in
the bond‖, ―energy does not change due to conservation of energy‖, and ―energy is
required to form bonds and hence stored in the bonds‖. It can be observed from figure
4.10 that % students are considerably distributed in all four options.

Which of the following statements describes the energy changes involved when chemical bonds are
broken?
A. When chemical bonds are broken, the energy stored in them is released to the surroundings as
heat.
B. When a bond is broken, energy is either released or absorbed depending on the energy difference
between the reactants and products.
C. Energy is required to break bonds because when atoms bond to each other they are more
stable than the separate atoms.
D. Energy is required to break bonds because bonded atoms have more potential energy than
separated atoms.

Which of the following statements best describes the energy changes involved when chemical
bonds are formed?
A. Energy may be absorbed or released when bonds are formed depending on the atoms that are
present in the bond.
B. When chemical bonds are formed, the system becomes more stable and energy is released.
C. There are no overall energy changes because energy can be neither created nor destroyed.
D. Energy is required to form bonds in the products of a reaction. That energy is stored in the
bonds.

It can be observed that distracter D is the most effective distracter in which almost
50 % of general chemistry students have chosen it during pre-testing. However, distracter
D should be re-worded for the statement is testing two concepts, which are ―energy is not
required to form bonds‖ and ―energy is not stored in the bonds‖. Further, distracter D is
effective since it can capture student‘s misconceptions both from pre- and post testing in
general chemistry and post testing in organic chemistry. Relatively smaller number of
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students in general chemistry has conceptual understanding about the CI question
compared to organic chemistry. This is because general chemistry students were only
taught some basic concepts about energy involved during bond breaking that will help
them in their conceptual understanding. Again, the difference between pre- and post
testing results will not be discussed in this phase of the study.
CI Bond Energy Question 6
The initial CI question for energy involved during bond breaking and forming has
no specific example of a chemical reaction. Thus, bonding CI question 6 is a general-type
of question and was constructed without a chemical reaction in order to elucidate
misconceptions about energy involved during bond breaking and forming. The distracters
are based on the misconceptions coming from responses for the general question posted
on Ed‘s Tools. The misconceptions being probed in this question are when chemical
bonds are formed ―energy may be absorbed or released depending on the atoms that are
present in the bond‖, ―energy does not change due to conservation of energy‖, and
―energy is required to form bonds and hence stored in the bonds‖. It can be observed
from figure 4.11 that students are considerably distributed in all four options. It can be
observed that distracter D is the most effective distracter in which almost 50 % of general
chemistry students have chosen it during pre-testing. However, distracter D should be reworded for the statement is testing two concepts, which are ―energy is not required to
form bonds‖ and ―energy is not stored in the bonds‖. Further, distracter D is effective
since it can capture student‘s misconceptions both from pre- and post testing in general
chemistry and post testing in organic chemistry.
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Relatively smaller number of students in general chemistry has conceptual
understanding about the CI question compared to organic chemistry. This is because
general chemistry students were only taught some basic concepts about energy involved
during bond breaking and formation. Again, the difference between pre- and post testing
results will not be discussed in this phase of the study.

Which of the following statements describes the energy changes involved in this chemical reaction?
CH4(g) + H2O(g)  3H2(g) + CO(g)
A. When the bonds in the reactants are broken, energy is released and that same energy is used to make the bonds in the products.
B. Energy is released from the system because more bonds are broken than are formed.
C. When the reaction occurs, energy is neither created nor destroyed. It is only transferred from the reactants to the products.
D. Energy must be added to the system break the bonds in the reactants and is released from the system when bonds form in the
products.

Phase 1d: The Development of Atomic Structure and Covalent Bonding CI
Questions
CI Atomic Structure Question
As shown in figure 4.12, relatively lower percentage of students from general
chemistry 1 and graduate group have the best conceptual understanding about the mental
image of a hydrogen atom. Majority of the students in the two groups have chosen
distracter E with a misconception that the electron is spread out over the surface of the
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sphere. For the general chemistry 1 students, the result is somewhat expected since at this
level their knowledge is somewhat limited to basic concepts. However, for graduate
students it is probable that they were attracted to the first statement that the atom is a
sphere which is not wrong. It is probable that they do not anymore read through the next
sentence with the misconception that the electron is spread out over the surface of the
sphere. This is also the most probable reason why a considerable percentage of students
from the other groups have chosen distracter E. Another attractive distracter is option B.
Lower % of students in general chemistry and graduates selected this distracter. It is
probable that this is less appealing to them compared to distracter E. Based on the results,
options A and C are poor distracters. They were not included in the modified version of
this CI item.

Which of these best describes your mental image of a hydrogen atom?
A. The atom is composed of several small particles that represent the nucleus, the proton and the
electron. The electron moves around the nucleus in an opposite direction to the proton because
of their opposing charges.
B. The atom is circular with a small center and lots of empty space - just like a marble in the
middle of a football field. The proton is inside the nucleus and the electron is a smaller particle
that is orbiting around the nucleus.
C. The atom looks like a sphere that represents the nucleus. The electron orbits the nucleus on
the surface of the sphere.
D. The atom is a fuzzy sphere in which the electron can be found anywhere outside the
very small nucleus which is in the middle. The nucleus consists of one proton.
E. The atom is a sphere with a tiny nucleus in the center. The electron is spread out over the
surface of the sphere.
F. If these choices above do not fit with your mental image of an atom, draw a picture in this
box and describe what it is meant to look like.

Which of these best describes your mental image of a hydrogen atom?
A. The atom has a single proton which is found inside the very small nucleus. The electron appears
and disappears randomly in a cloud that surrounds the nucleus.
B. The atom is circular with a small center and lots of empty space - just like a marble in the middle
of a football field. The proton is inside the nucleus and the electron is a smaller particle that is
orbiting around the nucleus.
C. The atom is a fuzzy sphere in which the electron can be found anywhere outside the very
small nucleus which is in the middle. The nucleus consists of one proton.
D. The atom consists of a very small central core, which is the proton. The electron can be found in
an orbital and moves around the core in a spherical path.
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Figure 4.13 shows the results from the latest version of atomic structure question.
Option C is the most sophisticated description about atomic structure of hydrogen. The
overall results somehow validate the construct of the item since all of the distracters are
able to attract students from general and organic chemistry courses.
CI Covalent Bonding Question 1
Results in figure 4.14 shows that many students in the different groups have poor
conceptual understanding about the CI item since distracter E is very attractive for them.
The statement is not necessarily wrong but there is a better explanation to the concept and
that is option D. The poor distracters A, B and C are tagged from the interview
transcripts.

What happens when a bond is formed between two H atoms?
A. The electrons of the two hydrogen atoms are attracted to each other because electrons like to be
paired up, thus holding the two atoms together.
B. A single bond is formed by the electrons making a solid connection between the two hydrogen
atoms, like a stick joining the two atoms together.
C. As the electron of one atom approaches the nucleus of the other, energy is transferred from the
electron to the nucleus which forms the bond.
D. As the hydrogen atoms move closer together, there is an attraction between each electron
and the nucleus of each hydrogen atom making the two hydrogen atoms stick together.

What happens at the molecular level when a bond is formed between two H atoms?
A. The electron stays in between the two nuclei because of attraction. If one moves the other one has
to follow.
B. The electrons are whizzing around the two nuclei and could be found anywhere on their surfaces.
C. The electrons are not whizzing around the two nuclei since they stay in one location. The force
between electrons holds the atoms together.
D. The electrons are in between the two nuclei most of the time. Each of the electrons is
attracted to the nucleus of the other atom.
E. The electrons formed a single bond. The orbitals overlap each other resulting to an oblong, eggshaped net orbital.
F. If the above choices are different from your model, then write your explanation on the box below.
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In the revision of the CI question, the misconceptions coded from Ed‘s Tools
questions were included. The results are shown in figure 4.15. When the concept ―single
bond‖ was reworded, it then attract lower % of students. The same is true for the new
distracters. Thus, it is highly recommended that the item should be further revised by
changing the poor distracters.
CI Covalent Bonding Question 2
In the first version of covalent bonding 2 CI question (figure 4.16), the options are
described in terms of the electrons and nuclei. It can be seen that lower % of analytical
and graduate students chose the best answer D. Majority of the analytical group chose
distracter B in which it describes that the electrons become closer to each other and then
bond becomes stronger. Option B is in fact a good distracter since many students from
the different groups chose it.

What happens at the molecular level if you try pushing the atoms more closely to each other given
that a bond is already formed between two H atoms?
A. The nuclei will repel from each other; however, the electrons will not repel from each other since
they need each other to make the orbital full.
B. The electrons become closer and the bond between them becomes stronger. The force between the
electrons can hold the atoms together better.
C. The nuclei will repel from each other even more and the resulting net orbital will become more
spherical. The electrons move around to the side of the nuclei.
D. The potential energy increases to form bond energy. The bond energy is needed to hold atoms
together.
E. Both the electrons and nuclei repel each other. The potential energy increases and the bond
becomes less stable.
F. If the above choices are different from your model, then write your explanation on the box below.
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What happens if you try to push the atoms in a hydrogen molecule closer to each other?
A. The electrons get closer to each other resulting in a greater attraction between them. Because of
this increased attraction, the two hydrogen atoms are held together even more strongly.
B. The potential energy of the system drastically increases as the electrons and nuclei of the
two hydrogen atoms repel each other.
C. The potential energy of the system increases to form bond energy which causes the two
hydrogen atoms to be more strongly held together.
D. Initially, potential energy is required to push the two atoms closer to each other; however, after
being brought very close together the potential energy of the system is released to the
surroundings.

On the other hand, majority of graduate students picked distracter E, which is
another good distracter and states that both electrons and nuclei repel from each other,
potential energy increases and the bond becomes less stable. Further, distracters A and C
are poor distracters and should be removed in the revision of the CI question.
The modified version of covalent bonding 2 CI question (figure 4.17) have
options in terms of the potential energy. The results highly suggest that further revision
should be made by changing the distracters. Distracters with lowering or increasing any
property such as potential energy are not attractive distracters. Students may easily
eliminate them by analyzing and comparing one distracter to another.
CI Covalent Bonding Questions 3 and 4
The distracters for the 3rd covalent bond CI question were taken from responses to
Ed‘s Tools open-ended questions. Results in figure 4.18 show that majority of the
students have better conceptual understanding regarding the CI item. On the other hand,
distracter A is not appealing to all of the groups. Thus, in the next round of the revision,
this distracter should be replaced. Further, results show that options C and D are
attractive distracters.
The same with 3rd covalent bonding CI question, the distracters for the 4th
covalent bond CI question were taken from responses to Ed‘s Tools open-ended
questions. As seen in figure 4.19, the student‘s responses to the different options are
considerably distributed. Majority of the students from all groups have chosen option C,
which means that they have better conceptual understanding about the concept being
posed. Thus results further validate the construct of the item.
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Why do two hydrogen atoms form a molecule of H2?
A. A hydrogen atom has a low atomic number and mass. Thus, two hydrogen atoms need to be
together to increase these properties.
B. As two hydrogen atoms approach each other, the electron from each hydrogen atom starts
to be attracted to the nucleus of the other hydrogen atom producing a hydrogen molecule.
C. Hydrogen is a very electropositive atom and wants to get rid of its valence electron to reach its
most stable state. Therefore, it will give up its valence electron to another hydrogen atom so that
they both can reach their most stable state.
D. Both atoms have one free electron and one spot for another electron. Therefore, the two
hydrogen atoms share electrons and form a very strong covalent bond.

What happens when two hydrogen atoms form a molecule of H2?
A. When two hydrogen atoms reach a distance that is most stable, a bond is formed which requires
energy. The electron from each hydrogen atoms is attracted to the nucleus of the other atom.
B. There is sufficient energy between the two hydrogen atoms to be bonded together. If there were
not enough energy then the two hydrogen atoms would not be able to form a hydrogen molecule.
C. When a bond between two hydrogen atoms is formed the potential energy of the system
decreases, making the system more stable.
D. The hydrogen molecule is more stable since it contains a lot more energy than a free-roaming
hydrogen atom.

Phase 1e: Analysis of Results from Testing of CI Questions to Different Groups of
Students
This phase of the paper will discuss the answers to the following questions: At to
what extent the CI questions can elicit conceptual understanding? Is there a difference of
results when it is given to different groups of chemistry of students?
Based on the results from table 4.1, the CI questions are indeed viable tool to
sample the extent of student‘s conceptual understanding from the different groups. The
general chemistry students have significantly lower conceptual understanding both for
specific breaking and specific forming questions. The probable reason for this is that
general chemistry students have only basic ideas about bonding energy concepts. Further,
based on table 4.2, the comparison of results between groups for specific breaking
question shows that almost all results from the general chemistry are significantly
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different. On the other hand, graduate students differed significantly from general and
physical chemistry students, and this is probably because graduate students have more
advanced knowledge about bonding energy concepts. It can be seen from table 4.2 that
for specific breaking, there are many results that are significantly comparable. Thus, the
specific breaking CI question is a viable tool to elicit conceptual understanding.

Table 4.1: Percentage of students choosing the best answer on
bonding energy based on the results from the first version of CI
questions.
Group
(No. of students)
General Chemistry II (87)
Organic (183)
Inorganic (20)
Analytical (40)
Physical (44)
Graduate Students (26)

Specific
Breaking
30
56
55
55
34
58

Specific
Forming
18
33
50
57
75
65

General Breaking
& Forming
48
37
35
35
18
31

Table 4.2: p Values from Z-Test for comparison of two proportions in terms of %
students choosing the best answer between groups based on the results from CI
question on specific bond breaking (1st CI version).
Group
(No. of students)
General
Chemistry II (87)
Organic (183)

General
Chemistry
II (87)

Physical (44)

***
<0.0002
(sig. diff.)
0.03
(sig. diff.)
0.006
(sig. diff.)
>0.05

Graduate
Students (26)

0.009
(sig. diff.)

Inorganic (20)
Analytical (40)

Organic
(183)

Inorganic
(20)

Analytical
(40)

Physical
(44)

Graduate
Students
(26)

***
>0.05

***

>0.05
0.007
(sig. diff.)

>0.05
>0.05

***
0.04
(sig. diff.)

>0.05

>0.05

>0.05
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***
0.04
(sig. diff.)

***

Table 4.3 shows that results from general chemistry are significantly lower from
the other groups in terms of the specific breaking question. This is again due to the fact
that general chemistry students have less sophisticated knowledge about bonding energy
concepts when compared to the upper level groups. On the other hand, organic students
have significantly higher results than the other groups. The most probable reason for this
is that bonding concepts are concurrently taught when the CI question was given.
However, it can be observed that there are many results that are significantly similar
based on the p values and this further validates that the specific bond forming question is
a viable tool to elicit student‘s conceptual understanding.

Table 4.3: p Values from Z-Test for comparison of two proportions in terms of %
students choosing the best answer between groups based on the results from CI
question on specific bond forming (1st CI version).
Group
(No. of students)
General Chemistry II (87)
Organic (183)
Inorganic (20)
Analytical (40)
Physical (44)
Graduate Students (26)

General
Chemistry
II (87)
***
< 0.05
(sig. diff.)
< 0.05
(sig. diff.)
< 0.05
(sig. diff.)
< 0.05
(sig. diff.)
<0.05
(sig. diff.)

Organic
(183)

Inorganic
(20)

Analytical
(40)

Physical
(44)

Graduate
Students
(26)

***
>0.05
< 0.05
(sig. diff.)
<0.05
(sig. diff.)
0.05
(sig. diff.)

***
>0.05

***

>0.05

>0.05

***

>0.05

>0.05

>0.05

***

It can be seen in table 4.4 that physical students are significantly different with
most of the other groups based on the p values for general bond breaking and forming CI
question. This is probably because physical chemistry students have not only more
advanced understanding about bonding energy concepts but energy concepts are included
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in its current syllabus. On the other hand, almost all of the results are significantly similar
which further validates the viability of the CI question in probing conceptual
understanding.

Table 4.4: p Values from Z-Test for comparison of two proportions in terms of %
students choosing the best answer between groups based on the results from CI
question on general bond breaking and forming (1st CI version).
Group
(No. of students)
General Chemistry II (87)
Organic (183)
Inorganic (20)
Analytical (40)
Physical (44)
Graduate Students (26)

General
Chemistry
II (87)
***
>0.05
>0.05
>0.05
< 0.05
(sig. diff.)
>0.05

Organic
(183)

***
>0.05
>0.05
< 0.05
(sig. diff.)
>0.05

Inorganic
(20)

Analytical
(40)

***
>0.05

***

>0.05
>0.05

>0.05
>0.05

Physical
(44)

***
>0.05

Graduate
Students
(26)

***

Table 4.5 shows that the modified version of the bonding energy CI questions is
robust enough to elicit conceptual understanding. The results showed that based on p
values there are no significant difference between organic and general chemistry students.
Based on the results, it can be speculated that conceptual understanding in students from
these two groups are almost the same since the CI question was given as post test for
general chemistry where the concept is already taught and pre-test for organic chemistry
where their knowledge is based on what they learned from general chemistry.

81

Table 4.5: Percentage of students choosing the best answer on bonding energy
based on the results from the modified version of CI questions.
Group
(No. of students)

%
(Specific
Breaking)

%
(Specific
Forming)

%
(Specific
Breaking
&
Forming)

%
(General
Breaking)

%
(General
Forming)

%
(General
Breaking
&
Forming)

40

53

39

38

47

37

50

40

45

55

40

60

>0.05

>0.05

>0.05

>0.05

>0.05

≥0.05

General Chemistry I (110)
Organic Chemistry (20)
p Value
(Org. vs. Gen. Chem.)

Table 4.6 shows that the CI questions for atomic structure and covalent bonding
are viable tool to elicit conceptual understanding. It can be seen from the results that there
are many students from the different groups specifically the upper groups who still chose
the misconceptions which were quoted from general chemistry students. This further
validates the robustness of the CI questions.

Table 4.6: Percentage of students choosing the best answer on atomic
structure and covalent bonding.
Group
(No. of students)
General Chemistry I (108)
General Chemistry II (27)
Organic (123)
Inorganic (42)
Analytical (38)
Physical (39)
Graduate Students (28)

Atomic
Structure
11
26
27
26
18
38
11

Covalent
Bonding 1
10
11
5
12
13
10
25

Covalent
Bonding 2
33
26
32
43
18
41
18

For atomic structure CI question (1st version), results in table 4.7 shows that the
general chemistry students have significantly lower results compared to other groups
based on p values. Again, this is due to the fact that general chemistry students have basic

82

understanding regarding the concept compare to the more advanced groups. Further,
almost all of the results are not significantly different which further validates the
robustness of the CI question.

Table 4.7: p Values from Z-Test for comparing two proportions in terms of % students
choosing the best answer between groups based on the results from atomic structure
question (1st CI version).
Group
(No. of students)
General
Chemistry I (108)
General
Chemistry II (27)
Organic (123)
Inorganic (42)
Analytical (38)
Physical (39)
Graduate
Students (28)

General
Chemistry
I (108)
***

General
Chemistry
II (27)

<0.05
(sig. diff.)
<0.05
(sig. diff.)
<0.05
(sig. diff.)
>0.05
<0.05
(sig. diff.)
>0.05

***

Organic
(123)

Inorganic
(42)

Analytical
(38)

Physical
(39)

***

>0.05

***

>0.05

>0.05

***

>0.05
>0.05

>0.05
>0.05

>0.05
>0.05

***
>0.05

>0.05

>0.05

>0.05

>0.05

<0.05
(sig. diff.)

Graduate
Students
(28)

***

In table 4.8, for covalent bonding 1 CI question (1st version), the p values indicate
that almost all of the results are significantly comparable which further validates the
robustness of the CI question. For covalent bonding 2 CI question (1st version), the p
values in table 4.9 indicate that almost all group comparisons are not significantly
different which further validates the robustness of the CI question.
Table 4.10 shows that the modified version of the atomic structure and covalent
bonding questions is a viable tool to elicit conceptual understanding. Almost all of the
results are significantly comparable based on the p values for general and organic
chemistry students.
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Table 4.8: p Values from Z-Test for comparison of two proportions in terms of %
students choosing the best answer between groups based on the results from
covalent bonding question 1 (1st CI version).
Group
(No. of students)
General
Chemistry I (108)
General
Chemistry II (27)
Organic (123)
Inorganic (42)
Analytical (38)
Physical (39)
Graduate
Students (28)

General
Chemistry
I (108)
***

General
Chemistry
II (27)

>0.05

***

>0.05
>0.05
>0.05
>0.05
<0.05
(sig. diff.)

>0.05
>0.05
>0.05
>0.05
>0.05

Organic
(123)

Inorganic
(42)

Analytical
(38)

Physical
(39)

***
>0.05
>0.05
>0.05
<0.05
(sig. diff.)

***
>0.05
>0.05
>0.05

***
>0.05
>0.05

***
>0.05

Graduate
Students
(28)

***

Table 4.9: p Values from Z-Test for two proportions for comparison of % students
choosing the best answer between groups based on the results from covalent
bonding question 2 (1st CI version).
Group
(No. of students)
General
Chemistry I (108)
General
Chemistry II (27)
Organic (123)
Inorganic (42)
Analytical (38)
Physical (39)
Graduate
Students (28)

General
Chemistry
I (108)
***

General
Chemistry
II (27)

Organic
(123)

Inorganic
(42)

>0.05

***

>0.05
>0.05
>0.05
>0.05

>0.05
>0.05
>0.05
>0.05

***
>0.05
>0.05
>0.05

***
>0.05
>0.05

>0.05

>0.05

>0.05

>0.05

Analytical
(38)

***
<0.05
(sig. diff.)
>0.05

Physical
(39)

Graduate
Students
(28)

***
>0.05

***

Therefore, the developed CI questions for atomic structure, covalent bonding and
bonding energy are significantly robust to sample the extent of student‘s conceptual
understanding about the focus concepts. It has been shown that although the
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misconceptions were quoted from general chemistry students, the CI questions are viable
tool to probe conceptual understanding even for higher level chemistry students.

Table 4.10: Percentage of students choosing the best answer on atomic structure
and covalent bonding based on the results from the modified version.
Group
(No. of students)
General Chemistry I
(282)
Organic Chemistry
(23)
p Value
(Org. vs. Gen. Chem.)

Atomic
Structure

Covalent
Bonding 1

Covalent
Bonding 2

Covalent
Bonding 3

Covalent
Bonding 4

53

78

85

70

53

35

70

65

70

48

≥0.05

>0.05

<0.05

>0.05

>0.05

Phase 2: Analysis and comparison of CI Results between Single-Item and GroupItems Testing
This phase will discuss the results from the latest version of CI when the items
were each given as a single item or all together in group. Based on the p values shown in
table 4.11, there is no significant difference between results from the two methods of
testing. Thus, cluing for the best answer through testing in group items is not possible.
The results give further evidence that the CI tool is a viable tool to elicit conceptual
understanding.
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Table 4.11: p Values from Z-Test for comparison of two proportions in terms of %
choosing the best answer between single-item and group-items administration of
the CI questions.
CI Questions
Specific Energy Breaking
Specific Energy Forming
Specific Energy Breaking and Forming
General Energy Breaking
General Energy Forming
General Energy Breaking and Forming
What happens when two hydrogen atoms form a molecule of H 2?
What happens when a bond is formed between two H atoms?
What happens if you try to push the atoms in a hydrogen molecule
closer to each other?
Why do two hydrogen atoms form a molecule of H2?
Which of these best describes your mental image of a hydrogen atom?

p Value
Single vs. Group
≥0.05 (NS=58, NG=57)
≥0.05 (NS=72, NG=57)
≥0.05 (NS=64, NG=57)
≥0.05 (NS=68, NG=57)
≥0.05 (NS=54, NG=57)
≥0.05 (NS=51, NG=57)
≥0.05 (NS=61, NG=57)
≥0.05 (NS=58, NG=57)
≥0.05 (NS=48, NG=57)
≥0.05 (NS=95, NG=57)
≥0.05 (NS=58, NG=57)

NS=no. of responses when CI items were given as a single item
NG=no. of responses when CI items were given as altogether

Phase 3: Analysis and Comparison of CI Results between Pre- and Post Testing and
from Correlation Study of CI Scores with Lab Assessment’s Scores
This part of the paper will discuss the results from pre- and post testing of the CI
questions. The correlations between lab assessment scores (MCAI, Attitude Test,
Motivation Test, TOLT) and CI scores will be presented as well. Table 4.12 shows the p
values and indicate that there is significant difference between two tests. Post testing
results are higher than the pre-testing. It is probable that instruction played a vital role to
impact this difference. Thus, the CI questions are able to detect the difference between
pre- and post testing. This further validates the robustness of the instrument.
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Table 4.12: p Values from Z-Test for comparison of two
proportions in terms of % students choosing the best
answer between pre- and post testing of the CI
questions.
CI Questions
Specific Energy Breaking
Specific Energy Forming
Specific Energy Breaking and Forming
General Energy Breaking
General Energy Forming
General Energy Breaking and Forming
What happens when two hydrogen atoms
form a molecule of H2?
What happens when a bond is formed
between two H atoms?
What happens if you try to push the atoms
in a hydrogen molecule closer to each other?
Why do two hydrogen atoms form a
molecule of H2?
Which of these best describes your mental
image of a hydrogen atom?

p Value (N)
[% Pre, % Post]
<0.05 (80)
[24,40]
<0.05 (80)
[33, 58]
<0.05 (80)
[20, 37]
≤0.05 (80)
[26, 38]
<0.05 (80)
[31, 47]
<0.05 (80)
[24, 39]
<0.05 (179)
[41, 53]
<0.05 (179)
[69, 78]
<0.05 (179)
[77, 85]
<0.05 (179)
[39, 70]
<0.05 (179)
[32, 53]

On the other hand, based on Pearson correlation coefficient values in table 4.13,
the CI scores are weakly correlated with the lab assessments‘ scores. The p value is the
probability that you would have found the current result if the correlation coefficient
were in fact zero (null hypothesis). If this probability is lower than the conventional 5%
(p<0.05) the correlation coefficient is called statistically significant. Thus, student‘s
misconceptions regarding the concepts are significantly independent on their logical
thinking ability, motivation, and metacognitive ability. The results are both true in preand post testing for thinking ability and motivation, and only true for pre-metacognitive
87

ability. This would mean that the CI questions are viable tool to detect student‘s
misconceptions in spite of student‘s high thinking ability and motivation based on lab
assessments‘ scores.

It seems the results further validate the robustness of the CI

questions to probe conceptual understanding but further correlation studies should be
done especially with metacognitive ability.

Table 4.13: Correlation study of the CI scores with
lab assessments’ scores.
Lab Assessments

TOLT
Pre Motivation
Post Motivation
Pre Attitude
Post Attitude
Pre MCAI
Post MCAI

Pearson correlation coefficient
(p Value)
[N]
r = 0.16 (<0.05) [N=160]
r = 0.15 (<0.05) [N=153]
r = 0.14 (≤0.05) [N=142]
r = 0.08 (>0.05) [N=147]
r = 0.05 (>0.05) [N=139]
r = 0.12 (≥0.05) [N=149]
r = 0.02 (>0.05) [N=132]

Phase 4: Analysis of CI Results between Specific and General Bond Energy
Questions
This part of the paper will discuss results between specific and general bonding
energy CI questions. It can be seen in table 4.14, that there is no significant difference
between the two groups based on the p values. The results are true for both pre- and post
testing. Thus, specific or general bonding energy questions can elucidate the same
misconceptions among students. Further, as shown in table 4.15 the results are in
agreement with Ed‘s Tools in which the general and specific open-ended questions were
able to elicit conceptual understanding with 34% out of 58 students and 37% out of 35
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students, respectively. The p value is 0.26 which indicates that the two types of questions
are not significantly different.

Table 4.14: Comparison of results between specific and general bonding energy CI
questions.
CI Questions

Energy in bond
breaking
Energy in bond
forming
Energy in bond
breaking & forming
p* Value bond
breaking vs. bond
forming
p* Value bond
breaking vs. bond
breaking & forming
p* Value bond
forming vs. bond
breaking & forming

% Conceptual
Understanding
(Pre-Test)
Specific
General
(N)
(N)
54 (151)
51 (161)

p Value
Specific
vs.
General
>0.05

% Conceptual
Understanding
(Post Test)
Specific
General
(N)
(N)
63 (110)
61 (110)

p Value
Specific vs.
General

>0.05

50 (184)

47 (147)

>0.05

64 (110)

62 (110)

>0.05

35 (140)

37 (144)

>0.05

50 (110)

48 (110)

>0.05

0.27

0.28

0.49

0.50

< 0.05
(sig. diff.)

< 0.05
(sig. diff.)

< 0.05
(sig. diff.)

< 0.05
(sig. diff.)

< 0.05
(sig. diff.)

≤0.05
(sig. diff.)

< 0.05
(sig. diff.)

< 0.05
(sig. diff.)

* p values are obtained from Z-Test for two proportions.

Further, for each type of testing (pre-, post, specific, and general) the results
between bond breaking, bond forming, and both bond breaking and forming are
compared. Results showed based on p values in table 4.14 that there is no significance
difference between bond breaking and bond forming CI questions. The significance
difference is only evident when bond breaking and bond forming are each compared to
both bond breaking and forming. This would indicate that students have difficulty in
getting the best answer for both bond breaking and forming CI question. This is probably
because if in the option both opposite concepts are presented then student‘s problem with
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conceptual understanding can easily be detected. If students have some misconceptions
then the only way for them to get the best answer is through guesses. The results are all
true for the different kinds of testing.

Table 4.15: Comparison of results between Ed’s Tools’
specific and general open-ended questions about bonding
energy.
% Conceptual
Understanding

With bonding energy
misconceptions
Without bonding energy
misconceptions
With other kinds of energy
misconceptions

p Value
Specific
vs.
General

Specific
(N=35)
54

General
(N=58)
57

37

34

>0.05

6

9

>0.05

>0.05

* p values are obtained from Z-Test for two proportions.

Phase 5: Analysis of CI Results between IOWA University and Clemson University,
and Final Exam and Post Testing
This part of the paper will discuss CI results between two different universities
and between post testing and final exam. Only the three CI questions for covalent
bonding are compared between the two universities. The p values in table 4.16 show that
there is no significant difference between results from the two universities. This further
validates the viability of the developed CI questions. Thus the CI questions are not only
valid to elucidate conceptual understanding from the different groups of chemistry
students but also from different universities as well.
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Table 4.16: Comparison of CI results between IOWA University and Clemson
University.
CI Questions
What happens when two hydrogen
atoms form a molecule of H2?
What happens when a bond is formed
between two H atoms?
What happens if you try to push the
atoms in a hydrogen molecule closer to
each other?

% Conceptual Understanding
IOWA (N)
CU (N)
47 (545)
51 (477)

p Value
>0.05

71 (553)

69 (468)

>0.05

85 (557)

79 (446)

>0.05

The modified version of CI bonding energy question 3 was also given as one of
the questions in the Final Exam for CH101 in the Spring 10 semester. Out of 51, 31 %
have the correct conceptual understanding about the energy changes during bond
formation and breaking. The result was then compared to the result from post testing in
CH 101 last Fall 09 in which out of 110, 39 % have the better conceptual understanding.
The results are not significantly different based on the p value using Z-Test for two
proportions, which is 0.21. Again this furthers provide evidence to the viability of the CI
questions.
Therefore, it can be concluded based on the overall results that the developed CI
questions have been proven to be a robust tool in eliciting student‘s conceptual
understanding about atomic structure, covalent bonding and bonding energy.
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CHAPTER 5
SUMMARY AND CONCLUSION

The CI questions were constructed based on student‘s actual misconceptions. The
construct of the CI items were modified several times by the different raters. We found
out that testing the reliability of the CI instrument using the results based on the reconstruction and re-administration of the CI questions is a futile step. We cannot attain a
certain point where the results from all of the CI questions become in agreement with the
previous administration or results are significantly different given the same population of
students. Thus, the subsequent phases in the research experiment were focused on testing
the validity of the construct of the CI items in order to investigate if how robust are the CI
questions to elicit conceptual understanding.
When CI questions were pilot tested, it has been shown that the CI questions are
indeed viable tool to sample the extent of student‘s conceptual understanding from the
different groups of chemistry students. Generally, the general chemistry students have
significantly lower conceptual understanding about the focus concepts. The probable
reason for this is that general chemistry students have low level knowledge about the
focus concepts compared to the other groups. On the other hand, results from graduate
students differed significantly from general and physical chemistry students, and this is
probably because graduate students have more advanced knowledge and more
sophisticated understanding about the concepts. Almost all of the results from within
group comparison in all the CI questions are not significantly different, which further
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validates the viability of the CI questions to probe conceptual understanding. Further, the
results showed that there is no significant difference within group comparison in all
modified CI questions providing further evidence that CI questions are robust enough to
elicit conceptual understanding.
Moreover, although the misconceptions were quoted from general chemistry
students, it has been shown that the CI questions are viable tool to probe conceptual
understanding even for higher level chemistry students.
Further, there is no significant difference when the CI items were each given as a
single item or all together in group during the assessment. Thus, cluing for the best
answer through testing in group items is not possible. The results give further evidence
that the CI tool is a viable tool to elicit conceptual understanding.
The CI questions were able to detect the significant difference between pre- and
post testing. This further validates that the CI questions are highly robust to elicit
conceptual understanding. On the other hand, based on Pearson correlation coefficient
values, the CI scores are in weak correlation with the lab assessments‘ scores. Thus,
student‘s misconceptions regarding the concepts are independent of their logical thinking
ability, motivation, and metacognitive ability. The results are both true in pre- and post
testing for logical thinking ability and motivation only. This would mean that the CI
instrument is a viable tool to detect student‘s misconceptions in spite of student‘s high
thinking ability and motivation. Thus, this further validates the robustness of the CI
questions to probe conceptual understanding.
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Moreover, it has been proven that there is no significant difference between
specific and general bonding energy CI questions. The results are true for both pre- and
post testing. Thus, whether the bonding energy CI questions were worded in a different
way, the elicited conceptual understanding results are not significantly different. This is
expected since the two types of questions are testing the same concept. Again, this proves
the viability of the CI tool.
Further, for each type of testing (pre-, post, specific, and general) when the results
between bond breaking, bond forming, and both bond breaking and forming are
compared, the results showed that there is no significance difference between bond
breaking and bond forming CI questions. The significant difference can be seen only
when bond breaking and bond forming are each compared to both bond breaking and
forming. Basically, this only tells us that both bond breaking and forming CI question is
relatively more difficult since lower % of students got this right. Thus, CI questions with
option in which both opposite concepts are presented is a better tool to detect student‘s
problem with conceptual understanding. If students have some misconceptions regarding
the concept then the only way for them to get the best answer is through guesses. The
results are all true for the different kinds of testing. Again, this further proves the validity
of the construct of the CI items.
On the other hand, from comparison of CI results between two universities, it has
been shown that there is no significant difference between these two universities. This
further validates the viability of the developed CI questions. Thus, the CI questions are
not only valid to elucidate conceptual understanding from the different groups of
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chemistry students but also from different universities as well. Further, the CI question
can be used to elicit conceptual understanding during a summative assessment since there
is no significant difference when the CI question was given as a post test and in the final
exam.
In conclusion, the overall results suggest that the developed CI questions have
been proven to be as a robust tool to elicit student‘s conceptual understanding about
atomic structure, covalent bonding and bonding energy.
For future works, it is highly recommended to use the CI questions in
investigating the connectivity among student‘s conceptual understanding about atomic
structure, covalent bonding and bonding energy. It is therefore hypothesized that
student‘s conceptual understanding regarding the three concepts are interrelated since all
of them are considered as basic, fundamental and core concepts necessary for a better
understanding of more advanced concepts in chemistry.
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96

Appendix A
Open-Ended Questions on Energy
1. What is energy?
2. Describe the different types of energy that are most important to chemistry.
3. Describe what happens in terms of energy changes during bond formation and
breaking.
4. Describe the role of energy in the changes that occur when a beaker of water
evaporates in the sunlight.
5. Describe the role of energy in the changes that occur when a beaker of water is placed
on a hot plate at 200 degree Celsius.
6. Based on your knowledge of chemistry, what is your understanding of energy?
7. Describe the different types of energy you have encountered in your chemistry
studies.
8. Describe the energy changes involved in the following chemical reactions:
a.) CCl3F(l) → C(g) + 3Cl(g) + F(g)
b.) Na(g) + ½ Cl2(g) → NaCl(g)
9. Describe on the molecular level what happens when thermal energy (heat) is added to
change the temperature of water from 10 degree Celsius to 50 degree Celsius. Explain
why the temperature increases.
10. Describe on the molecular level what happens when thermal energy (heat) is added to
boiling water in terms of the energy changes and temperature changes that occur.
Example: H2O(l) → H2O(g)
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Appendix B
Set A: First Version of CI Bond Energy Questions
1. What is energy? Which of the following statements describes the energy changes
involved in this chemical reaction
F
Cl

C

Cl

C( g )

(l )

+ 3Cl( g )

+ F( g )

Cl
A. The molecule is broken down into smaller parts, which creates energy through
breaking the bonds.
B. During the course of the reaction, all the bonds in CCl3F molecules are
broken which requires energy.
C. The reaction is not necessarily losing energy it is just being spread out between
the three different atoms.
D. The decomposition is caused by heating up such as in boiling which would break
the bonds holding the reactant together.
E. Energy is released because four bonds were broken to separate the elements.

2. Which of the following statements describes the energy changes involved in this
chemical reaction
Na(s) + ½ Cl2(g) →
NaCl(s)
A. The reaction requires energy to combine the two elements to form NaCl.
B. The energy from the reactants is consumed to form the product.
C. When Na and Cl2 react, energy is released upon the formation of new
product bonds.
D. After the reaction took place, the energy is the same since the phase of the product
is the same as that of the reactants.
E. There is a decrease in energy since the two chlorine atoms are reduced to one.

3. Which of the following statements describes the energy changes during bond
formation and breaking?
A. Energy is released as heat during bond breaking while energy is required to keep
bonds in place.
B. Energy is consumed during bond breaking and formation.
C. Energy is released during bond breaking and formation.
D. Energy of the system does not change during bond formation and bond breaking.
E. Energy is required to break bonds in the reactants and released upon the
formation of new product bonds.
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Appendix C
Set B: First Version of CI Bond Energy Questions
1. Which of the following statements describes the energy changes involved in this
chemical reaction
F
Cl

C

Cl

C(g

(l )

)

+

3 C l( g

)

+ F(g

)

Cl

A. The potential energy stored up in the reactant was released when it was converted
into atomic gases.
B. The energy originally in CClF3 splits into three parts and is dispersed into the
three elements.
C. The energy of the reaction does not really change since all the products remain
gases and the number of atoms after the separation is the same as when they were
together.
D. As the reactant is converted into products, energy is absorbed to break bonds
in the reactant.
E. The decomposition is caused by heating up such as in boiling which would break
the bonds holding the reactant together.
2. Which of the following statements describes the energy changes involved in this
chemical reaction
Na(s) + ½ Cl2(g) →
NaCl(s)
A. The reaction requires energy to combine the two elements to form NaCl.
B. The energy from the reactants is consumed to form the product.
C. When Na and Cl2 react, energy is released upon the formation of new
product bonds.
D. After the reaction took place, the energy is the same since the phase of the product
is the same as that of the reactants.
E. There is a decrease in energy since the two chlorine atoms are reduced to one.
3. Which of the following statements describes the energy changes during bond
formation and breaking?
A. The energy released from bond breaking and formation is remarkable.
B. During bond formation, energy is applied into the reactant molecules so that their
electrons will move around in order to form product molecules.
C. During bond formation energy is released while during bond breaking
energy is consumed.
D. The reactant molecules absorb energy from their constituent atoms to form
product bonds.
E. Energy is released when bonds in the reactants are broken and energy is required
to build bonds.
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Appendix D
Semi-Structured Interview Protocol: For Eliciting Students‘ Misconceptions on Atomic
Structure and Covalent Bonding

A. Mental Image of a Hydrogen Atom
1. Can you please show me using any of these materials (play-doh, floam, slime,
beads and magnetic balls) or paper and pencil your mental image of a
“hydrogen atom”?
2. Can you please explain the features of your image? Like what does each part
intend to show? Was there any information you wanted to convey through your
figure that you felt that you couldn‘t because of the materials you were using?
Why did you feel limited? What would have made it easier for you to show those
ideas?
3. So when you think about a single hydrogen atom, does the idea of motion come
into play for you?
i. If the answer is ―no‖ then ask why. Follow with prompt: So how about the
electrons? How would you want to show their motion?
ii. If the answer is ―yes‖, then what moves? How do you think it moves? How do
you think you could illustrate it?
4. So what do you think ―holds‖ of all the particles together? I mean why each
component doesn‘t just go off by itself.

B. Covalent Bond and Bonding Energy
1. Please make another hydrogen atom. So if you had two of the hydrogen atoms
that you made, what would happen as you brought them closer together?
a.) Does anything happen to the individual particles in each atom as the other
atom approaches? Why or why not?
b.) Do the atoms interact with one another? Why or why not?
2. Do you see this new arrangement as different from the case in which you had a
single hydrogen atom? Why or why not?
3. How does hydrogen exist in nature?
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a.) If student says as a single atom then ask him to explain why?
b.) If student says as a diatomic molecule then ask him what keeps the two atoms
of hydrogen together.
c.) If student says ―covalent bond‖ then ask student what does the term covalent
bond means.
4. What happens if you try to move the atoms very close to each other?
5. Why this does happens? (Only ask this question if the student alludes to this.)
6. Is energy involved in bond formation?
a.)
b.)
c.)
d.)

If no, why?
If yes, what kind of energy?
If yes, describe what happens to the energy when a bond is formed.
If student says that energy is released when a bond is formed then ask where
energy goes.

7. Is energy involved in bond breaking?
a.)
b.)
c.)
d.)

If no, why?
If yes, what kind of energy?
If yes, describe what happens to the energy when a bond breaks.
If student says that energy is required to break a bond then ask where the
energy comes from.
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Appendix E
First Version of CI Atomic Structure and Covalent Bonding Questions
1. Which of these best describes your mental image of a hydrogen atom?
A. The atom is composed of several small particles that represent the nucleus, the
proton and the electron. The electron moves around the nucleus in an opposite
direction to the proton because of their opposing charges.
B. The atom is circular with a small center and lots of empty space - just like a
marble in the middle of a football field. The proton is inside the nucleus and the
electron is a smaller particle that is orbiting around the nucleus.
C. The atom looks like a sphere that represents the nucleus. The electron orbits the
nucleus on the surface of the sphere.
D. The atom is a fuzzy sphere in which the electron can be found anywhere
outside the very small nucleus which is in the middle. The nucleus consists of
one proton.
E. The atom is a sphere with a tiny nucleus in the center. The electron is spread out
over the surface of the sphere.
F. If these choices above do not fit with your mental image of an atom, draw a
picture in this box and describe what it is meant to look like.

2. What happens at the molecular level when a bond is formed between two H atoms?
A. The electron stays in between the two nuclei because of attraction. If one moves
the other one has to follow.
B. The electrons are whizzing around the two nuclei and could be found anywhere
on their surfaces.
C. The electrons are not whizzing around the two nuclei since they stay in one
location. The force between electrons holds the atoms together.
D. The electrons are in between the two nuclei most of the time. Each of the
electrons is attracted to the nucleus of the other atom.
E. The electrons formed a single bond. The orbitals overlap each other resulting to
an oblong, egg-shaped net orbital.
F. If the above choices are different from your model, then write your explanation on
the box below.
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3. What happens at the molecular level if you try pushing the atoms more closely to
each other given that a bond is already formed between two H atoms?
A. The nuclei will repel from each other; however, the electrons will not repel from
each other since they need each other to make the orbital full.
B. The electrons become closer and the bond between them becomes stronger. The
force between the electrons can hold the atoms together better.
C. The nuclei will repel from each other even more and the resulting net orbital will
become more spherical. The electrons move around to the side of the nuclei.
D. The potential energy increases to form bond energy. The bond energy is needed to
hold atoms together.
E. Both the electrons and nuclei repel each other. The potential energy increases
and the bond becomes less stable.
F. If the above choices are different from your model, then write your explanation on
the box below.
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Appendix F
IRB Consent Form

CONSENT TO PARTICIPATE IN A RESEARCH STUDY
Clemson University
DEVELOPMENT OF TECHNOLOGY BASED ASSESSMENTS IN CHEMISTRY

Description of the research and your participation
You are invited to participate in a research study conducted by Melanie M. Cooper (Principal
Investigator). The purpose of this research is to conduct research into how students learn to solve
problems. Approximately 1300 students per semester will be involved in this research.
Your participation will involve working a series of web-based chemistry problems. The program
you will be using keeps track of the information you utilize to solve the problems and allows us to
compare your strategies with those of your peers. Part of the information collected will be in the
form of surveys and/or scales administered before or after your working on the web based
problems. Random short interviews may be used to collect additional information.
The amount of time required for your participation will be part of the regular time you need to
dedicate to your Chemistry Lecture and Laboratory work. You will not need to allocate additional
time to participate of this project. You will work on web based problems approximately four
times during the semester.

Risks and discomforts
There are no known risks associated with this research.

Exclusion requirements
Students under 18 years of age will not participate in this research study.

Potential benefits
The potential benefits from this research include: improved problem solving skills and improved
content mastery. It is not possible to predict whether or not any personal benefit will result from
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your participation in this study. You understand that the information that is obtained from this
study may be used scientifically and may be helpful to others.
Protection of confidentiality
We will do everything we can to protect your privacy. Any statements or actions on your part will
not be identified by your name or any other identifier to anyone outside the project, and your
participation in this project will be held in confidence, however results of the project may be
published. Your identity will not be revealed in any publication that might result from this study.
Any results from this project will not contain information by which you may be identified.

Voluntary participation
Your participation in this research study is voluntary. You may choose not to participate and you
may withdraw your consent to participate at any time. You will not be penalized in any way
should you decide not to participate or to withdraw from this study.

Contact information
If you have any questions or concerns about this study or if any problems arise please contact
Melanie M. Cooper at Clemson University at 864-656-2573. If you have any questions or
concerns about your rights as a research participant, please contact the Clemson University
Institutional Review Board at 864.656.6460.

Consent
I have read this consent form and have been given the opportunity to ask questions. I give
my consent to participate in this study.

Participant‘s signature: ___________________________________

A copy of this consent form should be given to you.
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Date: _______________

Appendix G
Modified Version of CI Questions on Atomic Structure,
Covalent Bonding and Bonding Energy

1. Which of these best describes your mental image of a hydrogen atom?
A. The atom has a single proton which is found inside the very small nucleus. The
electron appears and disappears randomly in a cloud that surrounds the nucleus.
B. The atom is circular with a small center and lots of empty space - just like a
marble in the middle of a football field. The proton is inside the nucleus and the
electron is a smaller particle that is orbiting around the nucleus.
C. The atom is a fuzzy sphere in which the electron can be found anywhere
outside the very small nucleus which is in the middle. The nucleus consists of
one proton.
D. The atom consists of a very small central core, which is the proton. The electron
can be found in an orbital and moves around the core in a spherical path.

2. What happens when a bond is formed between two H atoms?
A. The electrons of the two hydrogen atoms are attracted to each other because
electrons like to be paired up, thus holding the two atoms together.
B. A single bond is formed by the electrons making a solid connection between the
two hydrogen atoms, like a stick joining the two atoms together.
C. As the electron of one atom approaches the nucleus of the other, energy is
transferred from the electron to the nucleus which forms the bond.
D. As the hydrogen atoms move closer together, there is an attraction between
each electron and the nucleus of each hydrogen atom making the two
hydrogen atoms stick together.

3. Why do two hydrogen atoms form a molecule of H2?
A. A hydrogen atom has a low atomic number and mass. Thus, two hydrogen atoms
need to be together to increase these properties.
B. As two hydrogen atoms approach each other, the electron from each
hydrogen atom starts to be attracted to the nucleus of the other hydrogen
atom producing a hydrogen molecule.
C. Hydrogen is a very electropositive atom and wants to get rid of its valence
electron to reach its most stable state. Therefore, it will give up its valence
electron to another hydrogen atom so that they both can reach their most stable
state.
D. Both atoms have one free electron and one spot for another electron. Therefore,
the two hydrogen atoms share electrons and form a very strong covalent bond.
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4. What happens when two hydrogen atoms form a molecule of H2?
A. When two hydrogen atoms reach a distance that is most stable, a bond is formed
which requires energy. The electron from each hydrogen atoms is attracted to the
nucleus of the other atom.
B. There is sufficient energy between the two hydrogen atoms to be bonded together.
If there were not enough energy then the two hydrogen atoms would not be able
to form a hydrogen molecule.
C. When a bond between two hydrogen atoms is formed the potential energy of
the system decreases, making the system more stable.
D. The hydrogen molecule is more stable since it contains a lot more energy than a
free-roaming hydrogen atom.

5. What happens if you try to push the atoms in a hydrogen molecule closer to each
other?
A. The electrons get closer to each other resulting in a greater attraction between
them. Because of this increased attraction, the two hydrogen atoms are held
together even more strongly.
B. The potential energy of the system drastically increases as the electrons and
nuclei of the two hydrogen atoms repel each other.
C. The potential energy of the system increases to form bond energy which causes
the two hydrogen atoms to be more strongly held together.
D. Initially, potential energy is required to push the two atoms closer to each other;
however, after being brought very close together the potential energy of the
system is released to the surroundings.

6. Which of the following statements describes the energy changes when this reaction
occurs
CCl3F(g)  C(g) + 3Cl(g) + F(g)
A. Since energy can neither be created nor destroyed the energy of the products must
equal the energy of the reactants.
B. Energy must have been added to the system because four bonds are broken.
C. The potential energy stored in the reactant molecule is released when the reactant
is converted into atomic gases.
D. Thermal energy is added to the CCl3F causing the compound to boil and the
bonds to break.
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7. Which of the following statements describes the energy changes involved when an
atom of sodium reacts with an atom of chlorine as shown below
Na(g) + Cl(g)  NaCl(g)
A.
B.
C.
D.

The reaction requires energy to combine the atom to form NaCl.
The energy of the system increases when bond formation occurs.
The reaction produces energy when the atoms bond to form NaCl.
The energy is absorbed from the system to create the bonds in the product.

8. Which of the following statements describes the energy changes involved in this
chemical reaction?
CH4(g) + H2O(g) 

3H2(g) + CO(g)

A. When the bonds in the reactants are broken, energy is released and that same
energy is used to make the bonds in the products.
B. Energy is released from the system because more bonds are broken than are
formed.
C. When the reaction occurs, energy is neither created nor destroyed. It is only
transferred from the reactants to the products.
D. Energy must be added to the system break the bonds in the reactants and is
released from the system when bonds form in the products.

9. Which of the following statements describes the energy changes involved when
chemical bonds are broken?
A. When chemical bonds are broken, the energy stored in them is released to the
surroundings as heat.
B. When a bond is broken, energy is either released or absorbed depending on the
energy difference between the reactants and products.
C. Energy is required to break bonds because when atoms bond to each other
they are more stable than the separate atoms.
D. Energy is required to break bonds because bonded atoms have more potential
energy than separated atoms.

108

10. Which of the following statements best describes the energy changes involved when
chemical bonds are formed?
A. Energy may be absorbed or released when bonds are formed depending on the
atoms that are present in the bond.
B. When chemical bonds are formed, the system becomes more stable and
energy is released.
C. There are no overall energy changes because energy can be neither created nor
destroyed.
D. Energy is required to form bonds in the products of a reaction. That energy is
stored in the bonds.

11. Which of the following statements describes the energy changes during bond
formation and breaking?
A. Energy is released as heat during bond breaking while energy is required to keep
bonds in place.
B. If a reaction is exothermic the bonds that are broken release energy to the
surroundings.
C. The energy that is required to break bonds is equal in magnitude to the energy
released when bonds are formed, because energy can neither be created nor
destroyed.
D. When bonds are broken energy must be absorbed by the system, but when
bonds are formed energy is released.
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Appendix H
MCAI

Department of Chemistry
Chemistry Education
Research

Student’s Activities in Problem Solving.
Survey

This survey is part of your lab assignments.
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Following, you will find 28 statements that may or may not describe actions you take while
solving problems. All the items refer to your typical performance while you work on solving
chemistry problems, not to your feelings or convictions.
 Bubble in your name, CU ID number, course, and lab section.
 Do not over-elaborate the meaning of the statements.
 If you do not understand an item, leave it blank.
 If you understand an item but have no strong opinion, mark the letter C.
 Read each item carefully and bubble the letter that corresponds to your experience.

Please, use the following key to mark your responses in the answer sheet:

1

2

3

A

B

C

D

E

Strongly Disagree

Disagree

Neutral

Agree

Strongly Agree

I read the statement of a problem carefully to fully understand it and determine what
the goal is.

A

B

C

D

E

Strongly Disagree

Disagree

Neutral

Agree

Strongly Agree

When I do assigned problems, I try to learn more about the concepts so that I can
apply this knowledge to test problems.

A

B

C

D

E

Strongly Disagree

Disagree

Neutral

Agree

Strongly Agree

I sort the information in the statement and determine what is relevant.

A

B

C
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D

E

Strongly Disagree

4

5

6

7

Disagree

Neutral

Agree

Strongly Agree

Once a result is obtained, I check to see that it agrees with what I expected.

A

B

C

D

E

Strongly Disagree

Disagree

Neutral

Agree

Strongly Agree

I try to relate unfamiliar problems with previous situations or problems solved.

A

B

C

D

E

Strongly Disagree

Disagree

Neutral

Agree

Strongly Agree

I try to determine the form in which the answer or product will be expressed.

A

B

C

D

E

Strongly Disagree

Disagree

Neutral

Agree

Strongly Agree

If I do not know exactly how to solve a problem, I immediately try to guess the
answer.

A

B

C

D

E

Strongly Disagree

Disagree

Neutral

Agree

Strongly Agree
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8

I start solving problems without having to read all the details of the statement.

A

B

C

D

E

Strongly Disagree

Disagree

Neutral

Agree

Strongly Agree

If a problem involves several calculations, I make those calculations separately and
check the intermediate results.

9

A

B

C

D

E

Strongly Disagree

Disagree

Neutral

Agree

Strongly Agree

10

I do not check that the answer makes sense.

A

B

C

D

E

Strongly Disagree

Disagree

Neutral

Agree

Strongly Agree

11

I clearly identify the goal of a problem (the unknown variable to solve for or the
concept to be defined) before attempting a solution.

A

B

C

D

E

Strongly Disagree

Disagree

Neutral

Agree

Strongly Agree
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12

I spend little time on problems I am not sure I can solve.

A

B

C

D

E

Strongly Disagree

Disagree

Neutral

Agree

Strongly Agree

13

Please mark option E for this item.

A

B

C

D

E

Strongly Disagree

Disagree

Neutral

Agree

Strongly Agree

14

I consider what information needed might not be given in the statement of the
problem.

A

B

C

D

E

Strongly Disagree

Disagree

Neutral

Agree

Strongly Agree

15

I try to double-check everything: my understanding of the problem, calculations,
units, etc.

A

B

C

D

E

Strongly Disagree

Disagree

Neutral

Agree

Strongly Agree

16

I spend little time on problems for which I do not already have a set of solving rules
or that I have not been taught before.
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A

B

C

D

E

Strongly Disagree

Disagree

Neutral

Agree

Strongly Agree

17

I use graphic organizers (diagrams, flow-charts, etc) to better understand problems.

A

B

C

D

E

Strongly Disagree

Disagree

Neutral

Agree

Strongly Agree

18

I experience moments of insight or creativity while solving problems.

A

B

C

D

E

Strongly Disagree

Disagree

Neutral

Agree

Strongly Agree

19

I jot down things I know that might help me solve a problem, before attempting a
solution.

A

B

C

D

E

Strongly Disagree

Disagree

Neutral

Agree

Strongly Agree

20

When I solve problems, I omit thinking of concepts before attempting a solution.

A

B

C
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D

E

Strongly Disagree

21

Disagree

Neutral

Agree

Strongly Agree

Once I know how to solve a type of problem, I put no more time in understanding the
concepts involved.

A

B

C

D

E

Strongly Disagree

Disagree

Neutral

Agree

Strongly Agree

22

I find important relations amongst the quantities, factors or concepts involved before
trying a solution.

A

B

C

D

E

Strongly Disagree

Disagree

Neutral

Agree

Strongly Agree

23

I make sure that my solution actually answers the question.

A

B

C

D

E

Strongly Disagree

Disagree

Neutral

Agree

Strongly Agree

24

I plan how to solve a problem before I actually start solving it (even if it is a brief
mental plan).

A

B

C

D

E

Strongly Disagree

Disagree

Neutral

Agree

Strongly Agree
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25

I reflect upon things I know that are relevant to a problem.

A

B

C

D

E

Strongly Disagree

Disagree

Neutral

Agree

Strongly Agree

26

I analyze the steps of my plan and the appropriateness of each step.

A

B

C

D

E

Strongly Disagree

Disagree

Neutral

Agree

Strongly Agree

27

I attempt to break down the problem to find the starting point.

A

B

C

D

E

Strongly Disagree

Disagree

Neutral

Agree

Strongly Agree

28

When practicing, if a problem takes several attempts and I cannot get it right, I get
someone to do it for me and I try to memorize the procedure.

A

B

C

D

E

Strongly Disagree

Disagree

Neutral

Agree

Strongly Agree

Please return the survey and your answer sheet to the instructor or TA.

Thank you for your cooperation!
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Appendix I
Attitude Test

Department of Chemistry
Chemistry Education
Research

Attitude toward Chemistry Questionnaire

This survey is part of your lab assignments.
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Following, you will find 8 statements that may or may not describe your
feelings toward chemistry.



Bubble in your name, CU ID number, course, and lab section.
Think carefully and try not to include your feelings toward chemistry teachers or
chemistry courses.
 For each line, choose a position between the two words that describes exactly
how you feel.
 If you understand an item but have no strong opinion, mark the letter D.
 Read each item carefully and bubble the letter that corresponds to your own
feelings.

CHEMISTRY IS. . .

9

Easy

|__A__|__B__|__C__|__D__|__E__|__F__|__G__|

hard

Middle

10

complicated

|__A__|__B__|__C__|__D__|__E__|__F__|__G__|

simple

Middle

11

Confusing

|__A__|__B__|__C__|__D__|__E__|__F__|__G__|

clear

Middle

12

Comfortable

|__A__|__B__|__C__|__D__|__E__|__F__|__G__|
Middle
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uncomfortable

13

Satisfying

|__A__|__B__|__C__|__D__|__E__|__F__|__G__|

frustrating

Middle

14

Challenging

|__A__|__B__|__C__|__D__|__E__|__F__|__G__|

not challenging

Middle

15

Pleasant

|__A__|__B__|__C__|__D__|__E__|__F__|__G__|

unpleasant

Middle

16

Chaotic

|__A__|__B__|__C__|__D__|__E__|__F__|__G__|

organized

Middle

Please return the survey and your answer sheet to the instructor or TA.
Thank you for your cooperation!
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Appendix J
Self-Efficacy or Motivation Test

Department of Chemistry
Chemistry Education
Research

Self-Efficacy for Learning and Performance: A Part of the Motivated
Strategies for Learning Questionnaire

This survey is part of your lab assignments.
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Following, you will find 8 statements that may or may not describe your expectations or ability
to master the chemistry course.
 Bubble in your name, CU ID number, course, and lab section.
 Do not over-elaborate the meaning of the statements.
 If you do not understand an item, leave it blank.
 If you understand an item but have no strong opinion, mark the letter D.
 Read each item carefully and bubble the letter that corresponds to your experience.
Please, use the following key to mark your responses in the answer sheet:
A

B

C

Not at all
true of me

1.
A

A

A

Not at all
true of me

F

G

Very true
of me

I believe I will receive an excellent grade in this class.
B

C

D

E

F

G

Very true
of me

undecided

I’m certain I can understand the most difficult material presented in the readings
for this course.
B

C

Not at all
true of me

3.

E

undecided

Not at all
true of me

2.

D

D

E

F

G

Very true
of me

undecided

I’m confident I can understand the basic concepts taught in this course.
B

C

D

undecided
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E

F

G

Very true
of me

4.

A

I’m confident I can understand the most complex material presented by the
instructor in this course.
B

C

Not at all
true of me

5.
A

A

A

B

C

A

Not at all
true of me

G

Very true
of me

D

E

F

G

Very true
of me

undecided

I expect to do well in this class.
B

C

D

E

F

G

Very true
of me

undecided

I’m certain I can master the skills being taught in this class.
B

C

Not at all
true of me

8.

F

I’m confident I can do an excellent job on the assignments and tests in this course.

Not at all
true of me

7.

E

undecided

Not at all
true of me

6.

D

D

E

F

G

Very true
of me

undecided

Considering the difficulty of this course, the teacher, and my skills, I think I will do
well in this class.
B

C

D

undecided
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E

F

G

Very true
of me

Appendix K
TOLT

Department of Chemistry
Chemistry Education
Research

Test of Logical Thinking

This survey is part of your lab assignments.
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Orange Juice #1
1. Four large oranges are squeezed to make six glasses of juice. How much
juice can be made from six oranges?
a) 7 glasses

b) 8 glasses

c) 9 glasses

d) 10 glasses

e) other
2. What was the reason for your answer to question 1?
a) The number of glasses compared to the number of oranges will always be in
the ratio 3 to 2.
b) With more oranges, the difference will be less.
c) The difference in the numbers will always be two.
d) With four oranges the difference was 2. With six oranges the difference would
be two more.
e) There is no way of predicting.
Orange Juice #2
3. How many oranges are needed to make 13 glasses of juice?
a) 6 1/2 oranges

b) 8 2/3 oranges

d) 11 oranges

e) other

c) 9 oranges

4. What was the reason for your answer to question 3?
a) The number of oranges compared to the number of glasses will always be in
the ratio 2 to 3.
b) If there are seven more glasses, then five more oranges are needed.
c) The difference in the numbers will always be two.
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d) The number of oranges will be half the number of glasses.
e) There is no way of predicting the number of oranges.
The Pendulum’s Length
5. Suppose you wanted to do an experiment to find out if changing the length of a
pendulum changed the amount of time it takes to swing back and forth. Which
pendulums, in the above figure, would you use for the experiment?
a) 1 and 4

b) 2 and 4

c) 1 and 3

d) 2 and 5

e) all

6. What is the reason for your answer to question 5?
a) The longest pendulum should be tested against the shortest pendulum.
b) All pendulums need to be tested against one another.
c) As the length is increased the number of washers should be decreased.
d) The pendulums should be the same length but the number of washers should
be different.
e) The pendulums should be different lengths but the number of washers should
be the same.
The Pendulum’s Weight
7. Suppose you wanted to do an experiment to find out if changing the weight on
the end of the string changed the amount of the time the pendulum takes to
swing back and forth.
Which pendulums, in the above figure, would you use for the experiment?
a) 1 and 4

b) 2 and 4

c) 1 and 3

e) all
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d) 2 and 5

8. What was the reason for your answer to question 7?
a) The heaviest weight should be compared to the lightest weight.
b) All pendulums need to be tested against one another.
c) As the number of washers is increased the pendulum should be shortened.
d) The number of washers should be different but the pendulums should be the
same length.
e) The number of washers should be the same but the pendulums should be
different lengths.
The Vegetable Seeds
9. A gardener bought a package containing 3 squash seeds and 3 bean seeds.
If just one seed is selected from the package what are the chances that it is a
bean seed?
a) l out of 2

b) l out of 3

c) l out of 4

d) l out of 6

e) 4 out of 6
10. What was the reason for your answer to question 9?
a) Four selections are needed because the three squash seeds could have been
chosen in a row.
b) There are six seeds from which one bean seed must be chosen.
c) One bean seed needs to be selected from a total of three.
d) One half of the seeds are bean seeds.
e) In addition to a bean seed, three squash seeds could be selected from a total
of six.
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The Flower Seeds
11. A gardener bought a package of 21 mixed seeds. The package contents
listed:
3 short red flowers
4 short yellow flowers
5 short orange flowers
4 tall red flowers
2 tall yellow flowers
3 tall orange flowers.
If just one seed is planted, what are the chances that the plant that grows will
have red
flowers?
a) l out of 2

b) l out of 3

c) l out of 7

d) l out of 21

e) other
12. What was the reason for your answer to question 11?
a) One seed has to be chosen from among those that grow red, yellow or orange
flowers.
b) 1/4 of the short and 4/9 of the talls are red.
c) It does not matter whether a tall or a short is picked. One red seed needs to be
picked from a total of seven red seeds.
d) One red seed must be selected from a total of 21 seeds.
e) Seven of the twenty-one seeds will produce red flowers.
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The Mice
13. The mice shown represent a sample of mice captured from a part of a field.
Are fat mice more likely to have black tails and thin mice more likely to have
white tails?
a) Yes

b) No

14. What is the reason for your answer to question 13?
a) 8/11 of the fat mice have black tails and 3/4 of the thin mice have white tails.
b) Some of the fat mice have white tails and some of the thin mice have white
tails.
c) 18 mice out of thirty have black tails and 12 have white tails.
d) Not all of the fat mice have black tails and not all of the thin mice have white
tails.
e) 6/12 of the white tailed mice are fat.
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The Fish
15. Are fat fish more likely to have broad stripes than thin fish?
a) Yes

b) No

16. What is the reason for your answer to question 15?
a) Some fat fish have broad stripes and some have narrow stripes.
b) 3/7 of the fat fish have broad stripes.
c) 12/28 are broad striped and 16/28 are narrow striped.
d) 3/7 of the fat fish have broad stripes and 9/21 of the thin fish have broad
stripes.
e) Some fish with broad stripes are thin and some are fat.
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The Student Council
17. Three students from grade 10, 11, 12 were elected to the student council. A
three
member committee is to be formed with one person from each grade. All possible
combinations must be considered before a decision can be made. Two possible
combinations are Tom, Jerry and Dan (TJD) and Sally, Anne and Martha (SAM).
List all other possible combinations in spaces provided on the answer sheet.
More
spaces are provided on the answer sheet than you will need.
STUDENT COUNCIL
Grade 10

Grade 11

Grade 12

Tom (T)

Jerry (J)

Dan (D)

Sally (S)

Anne (A)

Martha (M)

Bill (B)

Connie (C)

Gwen (G)

The Shopping Center
18. In a new shopping center, 4 store locations are going to be opened on the
ground level. A BARBER SHOP (B), a DISCOUNT STORE (D), a GROCERY
STORE (G), and a COFFEE SHOP (C) want to move in there. Each one of the
stores can choose any one of four locations. One way that the stores could
occupy the four locations is BDGC.
List all other possible ways that the stores can occupy the 4 locations. More
spaces are provided on the answer sheet than you will need.
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